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SUMMARY 

The object of this report  i s  to detail the work performed f rom 
6 May 1963 - 6 June 1966, under NASA Contract NAS 5-3311. 

Designed originally to produce improved versions of production 
electrometer  tubes,  this program was la te r  expanded to explore the basic 
problem a r e a s  common to a l l  filamentary electrometer  vacuurn tubes.  
Experimental investigations of fundamental types,  such a s  a metal-ceramic 
s t ruc ture ,  a space charge pentode, an inverted t r iode ,  and a cathode elec- 
t rometer  tube, were  ca r r i ed  out to determine i f  these constructions offer 
advantages for low current  measurements  which a r e  not possible with con- 
ventional types.  In the evaluation of these and other e lectrometer  tube 
types,  i t  was necessary  to  study the a r e a s  of tube electrical stability, 
filament resonance, life performance,  effects on tube charac ter i s t ics  of 
thermal  steril ization, and character is t ic  changes induced by shock and 
vibration. 

Exploratory work led to the development of a radically new control 
gr id identified in the report  a s  an "open f r ame"  control g r id ,  a space 
charge grid pentode designated QV292, and the development of tube type 
QV331, an indirectly heated cathode electrometer  tube with a grid cu r ren t  
of l e s s  than 3 .0  x 1. 0-14 amperes .  Also conceived and fabricated for  this  
contract were f i r s t  samples  of tube type QV291, an a l l  new meta l -ceramic  
filamentary electrometer  tube. Prototypes of two inverted t r iodes were  
fabricated and designated QV293 and QV309 respectively.  

Future work should be directed toward completing and improving the 
metal-ceramic electrometer  tube type QV291. Open f rame gr ids  should be 
evaluated for  possible use a s  replacements fo r  the wound grids  now used 
in  fi lamentary and cathode type electrometer  tubes.  Attention should also 
be given to the subminiaturization of the present  cathode electrometer  tube 
type QV331 and to the reduction of the present ly required heater  power fo r  
th is  type. A successful  reduction of the s ize and heater  power would lead 
to  a version which could be used for  space applications and sti l l  be capable 
of withstanding the high thermal  steril ization temperatures  required in 
this  work. 
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1.0 THE PRIMARY PURPOSE O F  THE COMPLETE 
DEVELOPMENT PROGRAM 

Initiated a s  one facet of a c o ~ r i ~ r e h e n s i v e  pi*ograi^n sponsored 

by NASA to evaluate and improve the methods and hardware used to 
detect minute cur rents  in the range of l o m 6  to 10-l8 amperes ,  this 
program began a s  an  effort to produce improved versions of existing 
electrometer  tubes being produced a t  Raytheon. At the same t ime,  
through actual experimental work, and a thorough search of the tech- 
nical l i t e r a tu re  dealing with electrometer  tubes, a major  effort  was 
made to recognize and define the problems associated with the manu- 
facture and character is t ics  of these devices. During the final two 
years  of the contract, the effort was directed to exploring the basic  
problem a r e a s  common to a l l  f i lamentary electrometer  vacuum 
tubes and to producing samples that had been improved by eliminating 
o r  reducing one o r  more  of these known problem areas .  

2.0 GENERAL DISCUSSION OF THE TECHNICAL PROBLEM 
AREAS & METHODS OF ATTACK 

2.1 Feasibility Of Producing An Electrometer  Tube Having Lower 
Total I n ~ u t  Power.  

When compared with semiconductors, which can be con- 
s idered for low current  measurement  use, e lectrometer  tubes 
have the tremendous advantage of being relatively low noise,  
high impedance, devices. It became apparent ear ly  in the pro- 
g r a m  that a considerable gain would be realized if  the total  in- 
put power of these tubes could be significantly lowered to  make 
them more  competitive with the low drain character is t ics  of 
semiconductors. 

Filament current ,  which contributes the la rges t  amount 
to the total input power requirement,  has been steadily reduced 
until tube type CK5 87, which i s  in common usage, i s  ra ted for 
. 010 amperes  a t  0, 625 volts. Fur ther  reductions in filament 
cur rent  can only be realized by increasing the resis tance of the 
filament wire while keeping the filament voltage constant. When 
one real izes  that the above mentioned . 010 ampere tungsten fila- 
ment wire has  a diameter of approximately . 0002", equivalent 
to a wire weight of .I24 mg./2OOmm, and that i ts  resis tance can 
only be increased by reducing the c ross  sectional a rea ,  then i t  
can be readily seen that the strength of the wire becomes a l imit-  
ing factor.  Reduction in the active distance between space r s  
f rom seven mil l imeters  in tube type CK587 to five mi l l imeters  
in experimental tube type QV271 necessitated a sti l l  fur ther  de- 
c rease  in wire s ize to  counteract the lower resis tance of the 
shor t e r  filament wire. 



The filament wire produced for  the QV271, with a wire  
weight of .051 mg/200mm, proved to be the smallest  wire that 
could be manufactured for  practical use.  A fur ther  reduction 
in the active distacce between mica s p a  c e r s  f r o m  five mill i-  
meters  to three mil l imeters  using this same filament, which 
produced an increase of approximately 5070 in filament current ,  
was attained in another experimental test .  This t e s t  was initi- 
ated to study the effects of filament end cooling which ultimately 
dictates how short  a s t ructure can become and s t i l l  maintain 
sufficient output. 

2 . 2  Attempts To Develop A More Rugged Electrometer  Tube. 

The need for a more  rugged electrometer  tube was evident 
f rom the outset a s  a number of groups began to consider tubes 
for  use in various types of space orientated equipment. The 
Naval Research Laboratory was part icular ly interested in a n  
electrometer  tube with reduced microphonic output while reports  
were received f rom the NASA Technical Officer that a severe  
problem had developed in the environmental testing of the S-6 
(Magnetic Mass Spectrometer)  and EOGO subassemblies using 
conventional e lectrometer  tubes. 

The immediate a im of this aspect of the program was to 
provide a shorter ,  s turdier  tube which would still produce an 
adequate output for  use in electrometer  circuits.  The disadvant- 
age of lower character is t ics  associated with a shor te r  s t ruc ture  
i s  minimized in low current  measuring circuits.  Therefore,  the 
advantages such a s  shor te r ,  stiffer, component par t s ,  l e s s  gr id 
turns to vibrate,and higher filament resonance can be realized 
without undue sacrifice.  Combining the shor te r  s t ruc ture  with 
stronger filament wire and heavier springs raised the filament 
resonance f rom approximately 4 kilocycles for  the 5886 to ap- 
proximately 9 kilocycles for  the CK587. Still shor te r  s t ruc tures ,  
described in  this report ,  show that the filament resonance can 
be safely raised to a t  leas t  13 kilocycles. See block diagram 
f o r  fi lament resonance t e s t  s e t  in Appendix 3.  

In a n  interesting and informative experiment, performed 
by the Technical Officer a t  Goddard Space Flight Center, it was 
possible to visually observe the movement of tube component 
par t s  during sweep frequency vibration. It i s  only real is t ic  to 
say that a l l  the par t s  moved to a grea ter  o r  l e s s e r  degree when 
the resonant frequency of that particular pa r t  was reached. How- 
ever ,  severa l  of the principal offenders were identified and have 
been reduced o r  eliminated in subsequent tes t s .  



Movement of the whole mount within the glass  envelope 
i s  probably the largest  single contributor to high noise output 
during mechanical s t r e s s .  See block diagram of Sweep F r e -  
quency Vibration Tes t  Set in Appendix 3. Large output spikes 
appear a t  a ve ry  low frequency, generally about 500 cycles,  
during the environmental testing. To prevent this,  tubes made 
in round T-3 bulbs, were secured  to the glass by roll  crimping 
the bulbs to the top mica spacer  of the tube mount. The same 
resul ts  were obtained with the rectangular T1 112 x 2bulbs by 
drawing the glass in against  the top spacer  using a process  
developed to protect the fi lament a s  much a s  possible f r o m  
contamination by oxidation. This process ,  described in  an- 
other section, i s  s imi lar  in principle to that employed in  an 
aspirator .  

Vibrating gr id la te ra l  wires ,  which cause fluctuations 
in tube character is t ics ,  can be reduced by using a f r ame  
gr id  with the la te ra l  wires  securely anchored to  each s ide  
of the f rame or  eliminated entirely by using an  open f r a m e  
grid,  which was designed without gr id la terals ,  to pe r fo rm 
a s  a t rue  electrostatic grid. 

The effect of the addition of mechanical stops to  be t te r  
anchor loose o r  moving components must  be evaluated on an  
individual basis,  a s  some additions were effective but others  
were  not. 

The effects of increasing o r  decreasing the m a s s  of the 
filament connectors were  evaluated and proved to be of in- 
t e r e s t  because filaments having greatly reduced connector 
s ize  exhibited m o r e  than one point of resonance. These 
points occurred a t  the ve ry  low value of 4 - 5 kilocycles. 

2. 3 Improved Stability In Electrometer  Tubes 

The need for  improved stability in components which make 
up the sophisticat'ed'low current  measuring equipment i n  use '  
today i s  self evident. Since the electrometer  tube i s  c r i t ica l  to 
the equipment, more  stable character is t ics  f rom this important 
component assume an  importance which cannot be overlooked. 
Perhaps  the pr ime example of the need for  bet ter  stabili ty 
centers  around modern spacecraf t  and spaceprobes with the i r  
inability to  compensate f o r  zero  dr if t  beyond a cer tain l imited 
degree due to  res t r ic ted  weight and space requirements.  When- 
ever  this type of equipment dr i f t s  beyond the built-in correct ion 
range, the reference point i s  lost  and subsequent data becomes 
meaningless . 



Obtaining real is  tic data when measuring t h e  stability of 
e lectrometer  tubes i s  exceedingly difficult because of the in- 
herent instability of other components used in the measuring 
circuit. To better understand long t e r m  drift, a sample of 
tube type 8520 ( a  premium CK587) was placed in a tes t  c i r -  
cuit using the best  power supplies available and precision 
low temperature coefficient wire wound plate load res i s tors .  
By monitoring the potential appearing on the plate with a 
differential voltmeter,  i t  was possible to plot changes in 
character is t ics  a s  a function of time. Although not entirely 
satisfactory, owing to drift  in the power supplies, this tes t  
was continued for  2000 hours and did supply valuable infor- 
mation. 

Another group of 8520 samples were  operated under 
regular life tes t  conditions for  10, 000 hours  and supplied in- 
valuable information concerning the behavior to be expected 
f rom this type during extended operation in  regular use. 

Probably the best  insight into the long t e r m  drift  charac-  
te r i s t ics  of e lectrometer  tubes was obtained by observing in- 
dividual tubes operating for  prolonged periods of t ime in a 
Cary Electrometer  Test  set ,  which is equipped with well 
regulated supplies and special meters .  This method i s  ex- 
t remely helpful, a s  a close watch can be  kept on the changes 
occurring in the control grid cur rent  a s  well a s  the plate and 
screen  current.  

The open f r ame  grid,  which is dealt with in considerably 
more  detail in subsequent sections, produced favorable effects 
in both shor t  and long t e r m  stability. Employing both CK587 
and C ~ 5 8 8 6  a s  t e s t  vehicles, a s e r i e s  of tes t s  using different 
aperture  s izes  were  run to  evaluate this unique invention. The 
main contribution of this type of gr id to tube stability appears 
to be the elimination of large control gr id  current  spikes a t  
turn-on ( shor t  te rm) ,  coupled with a lower,  more  constant 
grid cur rent  level during prolonged operation (long te rm) .  

In a n  effort to identify the optimum operating filament 
voltage, tubes were    laced in operation and the filament volt- 
age was increased and decreased in smal l  increments f rom 
the nominal operating point. It was hoped that a t  some operat-  
ing point a smal l  incremental change would produce a la rge  
percentage increase  o r  decrease  in tube character is t ics .  



At this t ime there i s  no evidence to mer i t  a departure from 
the present  operating conditions which have been established 
through years  of experience and work to  provide the best  a c -  
tivity compatible with long life. 

A fur ther  experiment was performed to study the shor t  
t e r m  effect on tube character is t ics  of raising and lowering 
the ambient temperature while the tubes were  in operation. 
The a rb i t r a ry  check points of +lOO°C and -500C were used 
with the resul t  that character is t ics  seemed to r i s e  slightly 
a t  -50°C and fall slightly a t  +lOO°C f rom the starting values 
experienced a t  room ambient temperature.  

2 . 4  Shielding F o r  Electrometer  - Tubes 

To avoid excessive fluctuations in  gr id  current,  caused 
by the release of eiectrons f rom metal tube par t s  when acted 
upon by light o r  radiation f rom an outside source,  i t  i s  neces-  
s a r y  to  operate conventional glass  envelope electrometer  tubes 
inside a light tight contairie r .  

In o rde r  to eliminate this external container, some form 
of optical shielding might be built in or  deposited on g lass  en- 
velope electrometer  tubes. It was hoped the metal ceramic  
s t ruc ture  would provide the final solution by providing i t s  own 
shielding. 

Various methods of electrostatic shielding, such a s  ex- 
te rna l  s i lver  coating of the bulb with an appropriate ground 
wire  o r  the addition of a n  internal metal  shield with a ground 
wire  were investigated. The methods t r ied  using g lass  envel- 
ope electrometer  tubes were ei ther  inadequate o r  introduced 
additional problems, such a s  increased physical s ize,  o r  the 
generation of spurious noise f r o m  movement of the added par t s .  

Pre l iminary  samples of the metal  ceramic  s t ruc ture  were 
a l so  operated in and out of the light ti'ght box to s e e  i f  this type 
of s t ruc ture  did provide enough shielding f rom external light and 
radiation to eliminate these forms of energy a s  sources of trouble. 
The data received indicates considerable promise in this ap- 
proach. 



In o rde r  to eliminate the troublesome variations in 
character is t ics  experienced when an electrometer  tube i s  
operated in a mangetic field, consideration was given to 
an a l l  non-magnetic tube design. All the pa r t s  necessary 
to produce this version were obtained in non-magnetic ma- 
ter ia ls ;  such a s  stainless steel 304 o r  305, tungsten, and 
nichrome V, and samples  of these pa r t s  were supplied to 
the Technical Office for evaluation of their  magnetic pro-  
perties.  

2 . 5  Processing Of Electrometer  Tubes 

Incoming par t s  which have been fabricated and sup- 
plied by vendors,  a r e  routed through the Materials Inspec- 
tion department (M. I. D. ) to insure compliance with physical 
specifications. Metal par t s  a r e  then ultrasonically washed 
in stabilized tetrachlorethylene (Philsolv) and hydrogen f i red 
just pr ior  to  use. 

Mica space r s  a r e  hydrogen f i red  to burn off a l l  possible 
impurit ies,  and an adherent insulating coating with a slightly 
rough surface i s  sprayed on. The sprayed micas a r e  then a i r  
baked and hydrolized before use. Ceramic spacers  a r e  cur -  
rently being processed by the manufacturer and a r e  used a s  
received. 

Grids, which a r e  fabricated in-house, a r e  cleaned by 
immersing them in an  ultrasonic bath containing "Philsolv". 
In the final operation, before assembly, the cleaned grids  
a r e  hydrogen. fired. 

Metal pa r t s  which a r e  to be brazed to metalized ce r -  
amics,  o r  a r e  to  be hel i -arc  welded in the final assembly, 
a r e  ultrasonically cleaned in acetone f o r  ten minutes immedi- 
ately before use,  to eliminate the chance of s t r ay  contamina- 
tion due to handling. 

Electrolytic etching i s  used to  clean the surface,  and 
to reduce the tungsten filament wire to the desired s ize f o r  
each part icular  tube type. A smooth uniform coating of the 
desired emissive mater ia l  i s  then applied to the filament wire 
by continuous cataphoretic deposition. 

In a cathode type electrometer  tube, the cathodes a r e  
cleaned p r io r  to electropolishing by immersing in "Philsolv" 
for one minute. The purpose of the electropolishing opera- 
tion i s  to  improve the emissive propert ies  of the cathode 
sleeve by removing the surface impurit ies and oxides,leaving 



a brightly polished clean surface.  The clean cathode s leeves 
a r e  loaded into racks and a uniform emissive coating is spray-  
ed on by adjusting the number of passes  made with the sp ray  
gun to provide the specified diameter ,  coated weight, and 
coated length. 

To make satisfactory welding possible, subminiature 
button s tems,  o r  miniature s tems a r e  cleaned to remove cop- 
pe r  borate, copper oxide, and excess  glass f r o m  the s tems.  
The s tems a r e  boiled in Raytheon Formula X31-21 for  twenty 
minutes, r insed in warm water,  and boiled for  fifteen minutes 
in sodium hydroxide solution. After rinsing and dipping in 
isopropanol, the s tems a r e  thoroughly dried. 

To remove glass  par t ic les ,  lint, and dir t  f r o m  glass  
envelopes, they a r e  ultrasonically washed in deionized water  
and dried. 

To eliminate lint, dir t ,  dust, and contamination, picked 
up during the assembly process ,  a l l  finished mounts a r e  
washed in deionized water, r insed in  isopropanol and dried. 
Mount washing is controlled s o  that only a few hours  elapse 
before the mounts a r e  sealed-in and exhausted. 

Dumet leads of the finished tube a r e  cleaned by dipping 
them in a hot bath of Raytheon Formulation X31- 35 and r ins-  
ing in  warm water. The leads a r e  then successively dipped 
in Raytheon flux X31-2 and eutectic solder. The tinned leads 
a r e  cleaned by immersing in hot water and drying in hot a i r ,  

Because of the importance of clean grids in  successful 
tube construction, an al ternate  method of cleaning the gr ids  
was t r ied  and compared with the regularly cleaned grids,  In 
this method, the gr ids  were  boiled in metalex for  two minutes, 
r insed in hot water for  twenty minutes, dipped in acetone,and 
hydrogen f i red for approximately thirty minutes. 

At the inception of the program, it was decided that in 
o rde r  to obtain product uniformity, a l l  mounting would be  pe r -  
formed by one ( o r  two i f  the quantity demanded it) highly t rain-  
ed utility operators  working in a clean, a i r  conditioned a r e a .  
Approximately ninety percent of a l l  the smal l  experimental 
t e s t s  run during the contract were assembled by the same  op- 
e ra to r  over the three  yea r  period. 



In process  storage of par t s  and finished mounts was 
originally res t r ic ted  to special unheated cabinets in the a i r  
conditioned a rea .  At a la te r  date, this procedure was changed 
in an effort to improve the finished product and all  finished 
mounts were s tored  in heated cabinets outside the a i r  condition- 
ed area .  F o r  added cleanliness, finished mounts were s tored  
in desiccators  inside the a i r  conditioned a r e a  during the final 
months of the contract. 

Several ~ r o d u c t i o n  machines were  used to seal-in and 
exhaust specific tes t s  during the contract. A modified Hoffman 
ro tary  machine was used for  sealing a l l  of the subminiature flat  
p r e s s  fi lamentary types. Subminiature button types were sealed 
on a Sylvania rotary,  modified to roll  c r imp the glass envelope 
to the top mica spacer .  The cathode electrometer  tube was com- 
pletely processed  on a Sealex machine adapted for this par t icu-  
l a r  type. 

Throughout the program a ten port  experimental exhaust 
trolley was used to  develop special techniques requiring pro-  
longed o r  unique processing. This equipment consists of a 
Kinney Compound rotary backing pump, an oil diffusion pump, 
and an a l l  metal manifold. 

To avoid contamination f rom back-streaming of the vapor 
f rom the oil pumps, NASA supplied Raytheon with a Varian Ion 
Pumped Ultra High Vacuum System that was designed and built 
specifically for  processing electrometer  tubes. The three 
major  requirements  that had to  be considered in the design of 
this machine were  that i t  be a s  f r e e  a s  possible f rom contami- 
nants; that it be capable of providing an ultra-high vacuum (be-  
low 10-8 t o r r ) ;  and that it be capable of providing prolonged 
bake-out of the complete metal  ceramic  assembly up to tem- 
pera tures  of 600° centigrade. Physically, i t  consists of two 
Vac Sorb roughing pumps, a Vacion pump, aTitanium Sublima- 
tion pump, a high temperature bake-out oven, and the necessary  
auxiliary equipment to monitor and control the entire unit when 
in  use.  This  equipment, while used to  a l e s s e r  extent f o r  ex- 
perimental t e s t s  on regular glass  types, has  been used exclu- 
sively for  the processing of metal  ceramic  types. 

Detailed exhaust, activation, and stabilizing schedules 
will be included in the Appendix and referenced to the tes t  fo r  
which they were  used. 



2. 6 Repeatability Of Tube Character is t ics  

Wide differences in operating character is t ics  f rom 
sample to sample, o r  within any given sample, in  actuality 
depend upon the same basic  causes. 

P a r t s  themselves,  although purchased o r  internally 
manufactured to the tightest possible tolerances,  a r e  differ-  
ent within a given range. Slight variations exist  in the pro-  
cessing of the pa r t s  which could be magnified by deformation 
of individual par t s  during handling. Perhaps  the most  signi- 
ficant change in the dimensions of a pa r t  occur a t  mounting. 
One example of this i s  the slight twist which i s  sometimes 
imparted to a gr id side rod when it rolls under a welding 
point. It i s  well known that even a slight twist tends to  pull 
turns in toward the cathode on one side and force  them away 
f rom the cathode on the opposite side. The answer to this 
type of grid deformation i s  the more  rugged box type construc- 
tion characterized by the f r ame  grid. Results f r o m  f rame  
type control grid t e s t s  were  not a s  conclusive a s  had been 
hoped for,  but did se rve  to  point out the importance of the 
screen  grids contribution to  the control of e lectrometer  tube 
characteristics.  Open f r ame  sc reen  gr ids  were t r i ed  towards 
the end of the program, but must  be redesigned to provide a 
bet ter  plate to  sc reen  cur rent  ratio before they can be rea l i s -  
tically evaluated. 

When one considers the diameter of the tungsten filament 
wire currently being used (approx. . 000211), i t  i s  not hard  to  
realize why even the most  automated etching and coating mach- 
ines do not prevent slight differences f rom taking place along 
the length of each individual spool. Coupled with these slight 
differences in the fi lament itself a r e  the variations caused by 
the tension and positioning of the filament in the final mount. 
It i s  now believed that , regardless  of improvements incorporated 
in the r e s t  of the tube s t ructure,  uniformity among tubes will 
always be l imited by the relatively fragile filament and its 
associated suspension. 

Heavier filament springs,  nickel filament tabs positioned 
against the micas, and positioning the filament wire  off of the 
micas were separate  experiments designed to improve tube to 
tube uniformity. Results f rom these tes t s  indicate that i t  i s  
possible to shift the average level of character is t ics ,  but indi- 
cates also that differences between individual tubes in the same 
sample sti l l  remain. 



Stil l  further variations in tube character is t ics  a r e  caused 
by the processing cycle. This cycle consists of washing the 
mounts, sealing them in glass  o r  metal envelopes, and then out- 
gassing the entire assemblies  while they a r e  connected to  an  
appropriate vacuum system. The get ters  a r e  "flashed" (vapor-  
ized and allowed to condense on the relatively cool envelope 
surface) just pr ior  to tip-off to provide the best possible vacuum 
in the finished tube. 

By purposely storing mounts for  severa l  months between 
mount washing and final processing, it was possible to determine 
that the elapsed time between making a mount and processing i t  
i s  not a s  cr i t ical  a s  was generally believed. 

More difficult to  evaluate, but probably f a r  more  cr i t ica l ,  
i s  the effect of sealing-in on the behavior of the final product. 
Slight, but continuous changes in the constituents of the gas 
used fo r  the glass melting f i res ,  the flow of the flushing gas ,  
and the position and intensity of the sealing-in f i r e s  themselves,  
a l l  tend t o  make this process  a variable one in spite of close 
and constant supervision. 

Formation of metal  f i lms on tube elements, which change 
the effective work function of these elements, probably occur 
during severa l  steps of the processing cycle. This type of 
action i s  thought to take place during the cathode breakdown 
when a high cathode temperature is required to drive off the 
coating binder and reduce the carbonates in the coating to  oxides. 
Again, while the getter i s  being flashed, bar ium metal is un- 
doubtedly deposited in varying amounts throughout the ent i re  
mount s t ructure.  These deposits, besides varying the contact 
potential by changing tube element work functions, may a lso  
drast ical ly  reduce the interelectrode resis tance which i s  v e r y  
undesirable. 

Making use of the so-called "flashless" get ters  (80% z i r -  
conium and 207'0 aluminum), i t  was possible to  produce tubes 
with improved grid current  levels. This type of getter appar- 
ently causes much l e s s  contamination of tube insulators than 
the bar ium type getters.  



The activation of the filament o r  cathode during aging 
by means of a "Hot Shot" causes further changes in charac-  
ter is t ics ,  a s  bar ium and other metals a r e  vaporized and 
then deposited once again over the ent i re  tube s t ructure.  
Fai lure  to obtain a la rge  improvement in this a r e a  by eli-  
minating the "Hot Shot" and increasing the t ime for activa- 
tion of the cathode, indicates that the effects of a "Hot Shot" 
a r e  overshadowed by other variables in the finishing cycle. 
However, activation by burning-in a t  a v e r y  low filamentary 
cathode voltage has proved to be the only successful way to 
process  some types including the inverted triodes.  

Data accumulated on changes in tube character is t ics  
produced by filament cycling i s  included in the Appendix. 
This type of change will probably never be eliminated with- 
out introducing other undesirable features  a s  the filament 
apparently repositions itself on the mica continuously a s  
i t  expands and contracts when turned on and off. 

2. 7 Changes In Tube Character is t ics  Induced By 
Shock & Vibration 

To provide comparison levels for  evaluation of mech- 
anical improvements to basic tube s t ruc tures ,  sweep f r e -  
quency vibration output tapes were obtained for  tube ty.pes 
CK587, CK5886, CK5889, and C ~ 5 9 0 / Q ~ 2 6 9 .  These p re -  
l iminary resul ts  were  obtained by sweeping the tubes f rom 
150 - 3 500 Hertz. @ 15G:. Samples of typical tapes for the 
above types were forwarded to NASA. 

Later  work led to the development of a tentative pro-  
posal for  a premium electrometer  tube t e s t  specification 
designated type 85 20. The sweep frequency vibration t e s t  
outlined in the proposal and used during the remainder  of 
the contract to measure  noise output during mechanical 
s t r e s s  is included in the Appendix. 

To eliminate the la rge  output spikes a t  low frequen- 
cies ,  severa l  tes t s  were run with the envelope glass  cr imp- 
ed in against the mica spacers .  These attempts successfully 
eliminated the ve ry  la rge  spikes, but produced an  overall  
output level which was somewhat higher than control tubes 
having a f i rmer  bulb to mica bumper point fit.  The crimping 
apparently locks the bulb tightly to the unit and t ransmi ts  a 
grea ter  "GIt level of vibration to the individual tube elements 
than is  the case when the more  flexible mica bumper points 
a r e  used, 



As a direct resul t  of these tes t s ,  samples of a special  
version of the CK587 were supplied to U. S. N, R. L, in ear ly  
1965. In addition to having the envelope glass  crimped to 
the top spacers ,  these CK587 samples  had the following 
special  testing performed. They were f i r s t  read for  pentode 
character is t ics  p e r  the 8520 specification. The tubes were 
then vibrated a t  8G f rom 100-2000 Hertz  without applied 
voltages and the pentode character is t ics  re-read.  Only 
tubes exhibiting l e s s  than a 10% shift a f te r  vibration from 
their  original pentode values were  supplied unde r this 
program. Later  in the same year  additional samples were 
requested a s  the Navy had designed this special version of 
the CK587 into some of i ts  space vehicles. I t  was empha- 
sized a t  this t ime that samples previously delivered had 
proven f a r  superior  to any other e lectrometer  tube evalu- 
ated a t  that location for  space flight. 

It has  already been pointed out that a s t ronger  filament 
wire (tungsten- rhenium) and heavier filament springs ra i se  
the resonant frequency of the filament, thus reducing noise 
output of the tube. In combination with a shor te r  tube s t ruc-  
ture ,  this type of filament suspension produced a very  low 
noise tube. 

Mechanical stops proved ve ry  important in reducing 
the noise output level when they were  used to secure  an  
element that was previously dependent only on a force fit 
in the mica for rigidity. Ea r ly  in the program a stop was 
added to the top end of one of the deflectors in the CK587 
s t ruc ture  to prevent excessive movement of the mount when 
vibrated. A similar  attempt to  make the U-bar filament 
support m o r e  rigid,to prevent the tension on the filament 
f rom changing,was not successful.  A study of this con- 
struction with the NASA sweep frequency vibration tes t  
equipment and a s t robe light attachment indicated that 
excessive movement was sti l l  taking place. The strobe 
light setup also gave an indication of the importance of 
eliminating, o r  a t  least  keeping a l l  elements that a r e  only 
fastened a t  one end, a s  short  a s  possible. 

Actual vibration tes t s  comparing tubes having an  
open f r ame  type grid with a regular  control grid produced 
approximately the same noise level. In view of the much 
higher character is t ic  levels for  the open f r a m e  grid tubes, 
this s t ruc ture  appears  to be a superior  approach, 



2, 8 Lower Total Grid Current 

Portable vacuum tube electrometers  for  space use a r e  
possible only because of the high input impedance of the vacuum 
tube itself. As a high impedance value depends upon achieving 
an extremely low residual control grid current ,  it becomes 
evident that this character is t ic  determines the value of any 
particular tube for  use  a s  an electrometer  

In o rde r  to minimize the effect of leakage between the 
tube elements on the control gr id current ,  a special  Raytheon- 
formulated alundum spray  was applied to the mica insulators.  
Originally developed for large tubes with rugged components, 
this spray  was adapted f o r  use with the subminiature filament- 
a r y  tubes being made on this contract. The coarse  grain part i -  
cles which a r e  often accidentally deposited on the inside of the 
grid holes during mica spraying, effectively decrease the dia- 
meter  of the holes. The tighter f i t  which resul ts  between the 
micas and gr id legs,  necessitates special  ca re  during mounting, 
to  avoid damage to the grids. However, the use of the coarse  
grain spray, by providing the rough type of surface so  necessary  
for  good insulating properties,  more  than offsets the added dif- 
ficulties of mounting. 

Data collected during the contract emphasized the well- 
known fact that metal deposited on the insulators during evapo- 
ration o r  "flashing" of the getter reduces the effectiveness of 
the insulators,  thus increasing the level of control grid current .  
The use of a so  called "flashless" getter (8070 zirconium, 2070 
aluminum) produced a marked improvement in the gr id cur rent  
level. 

Ceramic spacers  (9970 alumina) in place of the conven- 
tional mica insulators were evaluated in  the glass  envelope 
version of the metal  ceramic tube type QV291. In this appli- 
cation, where no mechanical s t r e s s  i s  placed oil the spacers ,  
the insulation propert ies  were ve ry  good. 

Temperature cycling tes t s  performed on the ceramic  
header and envelope assemblies ,  designed to house the metal  
ceramic  electrometer  tube type QV291, gave evidence of the 
type of change to be expected in the resis tance values ac ross  
the ceramics  f rom prolonged heating. In this se r i e s  of tes t s  
zero hour resis tance readings ac ross  the ceramics  were ob- 
tained and then the ambient temperature was raised to a 
given value for  one hour before being allowed to re turn  to  
room ambient. At this point the resis tance readings were 



taken again. In successive tests  the temperature was raised 
in increments of 100° centigrade to a rnaxin~urn value of 500O 
centigrade. Results obtained indicate that it is  quite possible 
that polarization o r  s t r e s s  induced charges in the ceramics  
will be factors  which must  be considered in the metal ceramic  
tubes of the future. 

The formation of metal  f i lms on tube elements, thus 
changing their  effective work functions, has been discussed 
in connection with tube character is t ic  i r regular i t ies .  It 
was pointed out that the high filament temperatures  produced 
by la rge  applied potentials during the processing cycle and 
again while "hot shotting" during the activation cycle, a r e  
the two places where this type of action a r e  most  likely to 
occur. In a tube of normal configuration, heat radiation f rom 
the filament will cause the emission of electrons from the con- 
t ro l  grid, which will proceed a t  a ra te  controlled by the surface 
condition of the grid. As the control grid is the element closest  
to the filament, it i s  extremely vulnerable to the formation of 
bar ium o r  other metal deposits when the filament i s  operated 
a t  elevated temperatures .  These deposits drastically reduce 
i ts  work function and increase that portion of the total gr id 
current  which is made up of electrons emitted f rom this grid. 
Little can be done to eliminate the breakdown voltage a s  a 
cer tain minimum voltage i s  required to drive off the binder 
completely, but several  tes t s  were run eliminating the "hot 
shot" during activation with good results.  

The open f rame type of control gr id virtually elimina- 
ted the high initial grid cur rent  peaks and greatly improved 
the overall  level of the gr id current.  The behavior of tubes 
using this gr id was in fact s o  revolutionary that a separate  
section in this report  i s  devoted to the discussion of this 
invention. All gr id current  and resis tance readings were 
obtained using the Cary electrometer  tes t  s e t  shown schema- 
tically in Appendix 3.  



2. 9 Control Of Grid Current Cross-Over Voltage 

Many experiments were devised to control the voltage 
a t  which the grid current  c rosses  the zero  axis. Using the 
1.7-1. 8 volts found in the regular CK587 and CK5886 a s  a 
reference point, i t  has been possible to affect a change to 
approximately 1. 6 volts by gold plating the #1 grid,  A 
fur ther  reduction to 1.4-1.5 volts was successfully made 
by platinum plating the #1 grid. 

A ra ther  radical change to 1.9-2. 0 volts was made by 
using a new type of control grid. This type of grid,  known 
a s  an  open f rame grid,  makes use of a face plate with a n  
aper ture  in it on each side of the grid ro.ds a s  opposed to 
the normal wound type of grid.  Because of the higher c r o s s -  
over point experienced with this type of grid, it will un- 
doubtedly be necessary  to operate these tubes a t  a minimum 
bias of -2. 5 volts. 

2.10 Gettering 

A se r i e s  of tes t s  were initiated in  which tubes without 
get ters ,  tubes with an  added mica shield to  protect the tube 
itself f rom getter deposits, and tubes containing the "flash- 
less"  get ters  were evaluated. Very little difference in the 
gr id  current  c ross-over  point was observed for  any of these 
tests .  The t rue  value of the tes t  without get ters  was proba- 
bly masked by the higher than usual gr id  cur rent  due to  the 
high level of residual gas. 

The 8070 zirconium, 20% aluminum getter produced a 
higher insulation resis tance and lower control grid cur rent  
than the regular  bar ium flash type get ter ,  but like the regular  
type get ter ,  did not improve the tubes resis tance to thermal  
sterilization. 

An attempt was made to produce units in which Cer  Alloy 
400 paste was applied to the elements to  produce a get ter ,  but 
this method proved unsatisfactory. Later  in the program, 
both s t r ips  and pellets of this mater ial  were obtained but 
the evaluation was not completed. 



2.11 Trapped Bulb Charges 

Experiments were designed to investigate the effect of 
grounding the internal and external bulb surfaces to  prevent the 
formation of bulb charges.  The disturbances caused by the pro-  
longed leaking-off of these charges c rea tes  an undesirable 
drift  in tube character is t ics .  

Several experimental tes t s  had a s i lver  coating applied to 
the outside of the glass  which was grounded to the negative side 
of the filament while one group was designed with an  extra lead 
that made it possible to ground the outside bulb coating directly.  
In a l l  cases  only slight differences were  noted in the performance 
of these tubes and regular tubes with carefully cleaned bulbs. 

F o r  many years  glass envelope electrometer  tubes have 
been t rea ted  with reactive chloro-silanes which make use of the 
chemical reaction between the water on the surface of the glass  
and the silicone to form a highly effective water repellent s u r -  
face. Discoveries made during the contract indicate that "dry- 
fi lms1'  applied in the above manner lead to the trapping of a n  
electrostatic charge of severa l  hundred volts on the water repel-  
lent surface layer.  This charge, which usually resul ts  f rom 
touching the glass during the routine handling necessary for  
testing o r  use,  is sufficient to  greatly depress  the plate cur rent  
which i s  accompanied by a corresponding increase in sc reen  
current ,  Removing the water repellent layer  with alcoholic 
potassium hydroxide reduces the bulb charge to that of a t lc leanl t  
bulb. However, when bulbs a r e  retreated with a standard chloro- 
silane application they re-charge a s  before. These charges may 
be released by applying severa l  hundred volts to the plate with 
the filament voltage removed, o r  by exposing the t reated en- 
velope to ultraviolet light of moderate  intensity. If not re leased,  
the bulb charge may leak off e r ra t ica l ly  over a long period of 
t ime causing noise and a continuous drift  in character is t ic  
levels.  

The use  of an open f r a m e  type of control gr id has made it 
possible to  producetubeswhi~h do not have the high grid cur rent  
spikes a t  turn-on which a r e  usually attributed to such things a s  
glass  polarization and trapped electrostat ic  charges on the en- 
velope. Although the exact workings of this grid a r e  not fully 
understood, i t  is very  possible that there  is  a reduction in the 
internal bulb charge due to the almost  - complete enclosing of 
the fi lamentary cathode by the gr id f rame structure.  



It i s  expected that a metal ceramic  tube, such a s  the 
QV291, might be f ree  of trapped charges since the metal 
envelope could be easily grounded, 

2.12 Piezoelectric Generated Charges 

A study of the piezoelectric generated charges in glass  
was made on several  types of glass commonly used a t  Raytheon. 
Tes t  samples  were produced by beading dumet leads with the 
appropriate glass under consideration. Charges were generated 
in a l l  the types of glass  used by placing a s t ra in  on the glass  
bead, regardless  of whether this was accomplished by improper  
sealing s t r e s s  relief, o r  by the introduction of either mechanical 
o r  e lectr ical  forces ,  

This type of generated charge in an  electrometer  tube can 
be reduced by keeping the input circuit  insulators f r ee  of a l l  
types of s t rain.  The thermal  coefficient of expansion of the 
leads and the glass  must  be closely matched and the glass  p r e s s  
must  be thoroughly annealed for  good resul ts .  Care  must  a l so  
be taken that an  external s t ra in  is not placed on the leads and 
p r e s s  during use o r  testing. 

Heat cycling tes t s  performed on metal ceramic assemblies  
indicate that s t ra ins  produced a s  the resul t  of high ambient tem-  
pera tures ,  o r  f rom mechanical constriction of the ceramic  head- 
e r s ,  leads to  the generation of a la rge  piezoelectric potential. 
Great ca re  must  be  taken to avoid s t ra ins  of this ' type in the pro- 
duction of future metal  ceramic electrometer  tubes, perhaps by 
processing a t  lower temperatures  for  longer t ime increments.  

2.13 Reduction Of Or Flicker Noise 

The t rue  physical nature of fl icker noise i s  not yet fully 
understood, Until exacting r e sea rch  i s  ca r r i ed  out to cor re la te  
the causes of this type of noise in vacuum tubes, ve ry  l i t t le can 
be done to  reduce o r  eliminate the sources .  Quiescent "Spot 
Noise" measurements  a r e  used industry wide, a s  a yard  stick 
to  compare noise levels of the different tube types. Fl icker  
noise, which i s  low frequency noise, i s  included a s  one com- 
ponent of the total noise observed a t  the 10 c. p. s. measuring 
point. 

Tes t  resul ts ,  measurement procedures ,  schematics,  
and a block diagram of the t e s t  equipment used a r e  included 
in the Appendix. 



2.14 Control Of Filament Resonant Frequency 

Filament resonance, which contributes to the total 
microphonic output of a tube, cannot be eliminated, but 
can be controlled by making the appropriate geometric 
changes. It is  desirable for  e lectrometer  use to place 
the resonance a s  high a s  possible without causing exces- 
sive filament breakage. 

Experiments performed with the filament suspended 
away f rom the insulators in the comparatively long s tructured 
C ~ 5 8 8 6  (approximately 11.0 RIM between spacers )  resulted 
in a low filament resonance of 2. 5-3. 0 kilocycles. 

The combination of a shor t  s t ructure (approximately 
5. 0 MM between spacers )  with a tungsten- rhenium filament 
wire and heavier than usual filament spr ings,  made it possi-  
ble to produce a QV271 with a filament resonance of 12. 0-14. 0 
kilocycles. A fur ther  reduction in length to  approximately 
3.0 MM between space r s  ra i sed  the resonance to 14.0-16. 0 
kilocycles. 

The CK587 family which i s  readily available f rom pro- 
duction now has a filament resonance which i s  between 8 .0 -  
10. 0 kilocycles. 

2.15 Analvsis Of Residual Gas In Subminiature 
~ l e c t r o m e t e r  Tubes 

Machlett Laboratories performed an  r .  f ,  m a s s  spec- 
t rometer  analysis of the residual gas in subminiature electro-  
meter  tubes to determine if  an  unknown gas i s  evolved f rom 
the glass  during thermal  sterilization. (150° centigrade for 
150 hours. ) This report  i s  summarized in detail in the Ap- 
pendix. 

The following samples were evaluated a t  Machlett: 

Tes t  1 - T1 112x2 bulb (g lass  type 0120 evacuated 
on Ray.theon System. 

Tes t  2 - Same bulbs pre-evacuated. 

Tes t  3 - T3 bulbs (g lass  type 8160) evacuated on 
8ay;theon System. 



Pt was determined that water vapor a t  m a s s  18 was the 
major  constituent of the gases released f rom al l  three tes t s  
although it showed a quicker decline than the other major  gas 
component, hydrogen. Test  3 showed very  little more  gas 
than the other two tes t s ,  but had two and a half t imes the m a s s  
of e i ther ;  therefore,  this type of glass  gives off l e s s  gas pe r  
unit mass .  

The analysis failed to turn  up a new contaminant, but 
did confirm the presence of those which a r e  already known. 

2.16 Thermal  Sterilization 

Thermal  sterilization, a s  required for  space probe 
applications, requires  that all  components undergo relatively 
long periods of operation o r  s torage a t  150° centigrade fo r  
100 hours. 

Many experimental samples and production tube types 
were  exposed to  the thermal  steril ization tes t  and experienced 
a drast ic  drop in character is t ic  level. Results of significant 
t e s t s  will be included under' the appropriate tes t  number inthe 
Appendix. A discussion of the tes t s  which appear to have im- 
proved resis tance to thermal steril ization follow. 

It has  long been thought that failure of e lectrometer  tubes 
a t  high temperatures  i s  caused by  release of water vapor and 
other gases  f rom the glass envelope and mica spacers .  In an 
attempt to  reduce this type of poisoning a t e s t  was run i n  which 
the glass  envelopes were baked for  16 hours a t  400° centigrade 
and then rinsed in a 470 potassium hydroxide solution p r io r  to 
use.  Several of the tubes exhibited a poorer  level of gr id 
cur rent  a f te r  steril ization combined with increased charac ter -  
i s t ic  levels.  Other tubes had an  improved grid current  level 
combined with a drop in other character is t ics .  The overall  
change in character is t ic  level was not a s  pronounced a s  in the 
control. 

Still bet ter  resul ts  were obtained f rom regular tubes 
which were processed s o  a s  to eliminate the filament "hot 
shot" a t  aging. These tubes exhibited improved grid cur rent  
levels with only minor increases  o r  decreases  in other charac-  
ter is t ics .  

The best  resul ts  appear to be those obtained with the 
cathode type electrometer  tube QV331, The gr id cur rent  level 
of these tubes improves af ter  steril ization with little, i f  any, 
change occurring in other character is t ics .  



3.0 GENERAL DISCUSSION O F  EXPERIMENTAL TUBE TYPES 
DEVELOPEDFOR CONTRACT 

Originally designed merely to reduce the s ize and 
filament power drain of the electrometer  tube CK5886; 
the experimental type QV220 was the developmental de- 
sign which led to the CK587. 

After incorporating such improvements a s  a new 
mica sp ray  for  better insulation between elements and 
added mechanical stops for improved microphonic per -  
formance, the CK587 became the t e s t  vehicle for  many 
experiments during this contract. 

A fur ther  attempt to provide a premium electro-  
meter  tube for  space vehicles led to the development of 
a tentative proposal f o r  a ve ry  rigid tes t  specification. 
The CK587 samples capable of passing this t e s t  speci- 
fication a r e  known a s  tube type 8520. 

One of the difficulties encountered ear ly  in the 
program was the lack of sophisticated equipment capable 
of fully evaluating many of the desired tube parameters  
in o rde r  to  accumulate meaningful data. Decisions were 
made, in close cooperation with the NASA Technical Of- 
f icer ,  a s  to the type of equipment best  suited to accomp- 
l ish the specific tasks outlined. It was then possible to 
acquire and se t  up the necessary  equipment to fully eval- 
uate tubes. 

All data leading to  the 8520 specification was filed 
under t e s t  W-63. It i s  significant to note that premium 
tubes can be produced to this specification, but a t  a 
greatly reduced yield when compared to previous electro-  
me te r  tube specifications. 

This type has the same basic  character is t ics  a s  
the CK587, but i s  constructed so  that the control grid 
i s  brought out a t  the opposite end of the glass envelope 
f rom the flat p res s .  

The presence of the gr id lead in the tubulation during 
"tip-off" prevents the use of the standard automatic tip-off 
mechanism on high-speed production machinery. Samples 
were processed on a ten port  stationary exhaust system and 
tipped off by hand. 



Investigations of this type include tes t s  W-21, 23, 
30, and 36. 

Advantages of this tube, compared to a CK587, a r e  
a slightly lower overall gr id  cur rent  level combined with 
l e s s  decay time - for the initial absorption cur rent  to fall 
to a steady value; and the inherently shor te r  grid lead 
which helps prevent the pick-up of external e lectr ical  
signals. 

Efforts to produce a tube having basically the same 
character is t ics  a s  tube type CK587, but with a greatly r e -  
duced filament power consumption led to the construction 
of the QV271. The filament i s  rated for  0. 005 amperes  a t  
0, 625 volts which reduces the power consumed in the fi la- 
ment circuit  by about one half. Associated with this con- 
struction i s  the added difficulty experienced a t  mounting 
of handling and assembling the l ighter,  more  fragile, f i la- 
ment,  This problem was minimized by using tungsten- 
rhenium filament wire, which has a much grea ter  tensile 
strength than plain tungsten, Information for this type i s  
included in tes t  W1 - W3. 

Although the production yields would be lower for  
this type than they a r e  f o r  the tube type CK587, due to 
increased filament breakage, character is t ics  can be ob- 
tained with the QV271 which a r e  essentially equivalent to  
the CK587. In addition, the shor te r  s t ruc ture  of the QV271 
provides a higher filament resonance and slightly lower 
mic rophonic output. 

The QV290 i s  an attempt to redesign the 85201CK587 
f r o m  a T1 112x2 (. 230" x ,290" maximum c ross  section) 
rectangular bulb to a T3 (. 400" diameter)  round bulb. It 
was hoped that this version would retain the desirable 
character is t ics  of the 8520 and provide increased r e s i s -  
tance to character is t ic  changes caused by shock and vi- 
bration. Physically the T3 bulb is rol l  crimped to the top 
mica spacer  to  prevent movement of the mount inside the 
glass  envelope, 



Evaluation of the effects of shock and vibration on tube 
character is t ics  has not been successfully completed for  this 
type. At some point in the production cycle the filament be- 
comes contaminated producing unsatisfactory charac ter i s t ics .  
Tests  W-57, 71, 85, 103, and 107 were attempts to produce 
good samples.  

It i s  felt that the cause of poor character is t ics  is so;me- 
thing m o r e  basic  than the crimping operation, a s  i t  has not 
been possible to  produce consistently good QV290 tubes even 
without crimping. The difference may lie in the inverted 
position of the mount and bulb assembly during sealing-in a s  
well a s  the increased heat necessary  to complete this opera- 
tion when using the heavier walled T3 glass  bulb. 

Although glass to  mica crimping of the T1 112x2 rec-  
tangular CK587 s t ruc ture  produced a higher overall  level of 
microphonic output than the control, i t  might be desirable  to 
further evaluate QV290 samples for  this parameter .  Thin 
walled T3 glass envelopes, which would require l e s s  heat 
a t  sealing-in, could be used in the hope of obtaining improved 
characteristics.  Once an  improved level of character is t ics  
were obtained the samples could then be evaluated for micro-  
phonic output. 

One quite unique phase of the contract was devoted to 
developing a low drain fi lamentary metal-ceramic electro- 
me te r  tube. The assembly was to  consist of a metal  envelope, 
ceramic s t e m  seal ,  and internal alumina spacers  for  the tube 
element supports. In o rde r  to achieve a low level of micro-  
phonic noise output, the tube elements were  bonded solidly to 
the top ceramic  spacer ,  which in turn  was rigidly bonded to 
the outside metal envelope. This i s  not a common practice 
and allowance for  expansion and contraction of the tube ele- 
ments was accomplished by securing the bottom of the tube 
elements to  the s t em pins by means of flexible ribbons. 

It was recognized f rom the beginning that this tube 
would have to  b e  designed s o  that the flowing of the copper 
(normally performed a t  a minimum of 1150°C. ), necessary  
to bond the tube elements to  the top spacer,would have to  
be performed p r io r  to the insertion of the coated filament. 
This was accomplished and the final assembly was then heli- 
a r c  welded together. This type of welding has a ve ry  local- 
ized heating zone, with the resul t  that excess heat does not 
penetrate to  damage the sensitive filament. 



In order  to reduce the cooling effect of the ceramics  on the 
filament, both the top and bottom ceramic  were reduced, using a 
Raytheon ultrasonic grinder,  in the a r e a  where they normally 
make contact with the filament, to a thickness of severa l  thous- 
andths of an inch. 

Another difficult a rea  of investigation was the production of 
a leak tight subminiature ceramic  s t em with seven flexible metal  
leads.  The f i r s t  ceramic  evaluated was 99% alumina and repeat- 
ed efforts a t  both Coors Porce la in  Company and Raytheon failed 
to produce a leak tight s tem. Continued efforts and a change to  
96% alumina finally resulted in  a l imited number of good s t ems  
f rom Coors,  These s tems made it possible to produce f i r s t  Sam- 
ples in which a l l  the physical construction problems were  over -  
come ( t e s t  W-67). Although the character is t ic  level was low, 
which a t  this t ime appears  to be  the resul t  of a high gas level, i t  
i s  felt that a n  important point in the construction of this tube has  
been reached. 

F o r  bet ter  clarification of this important aspect of the con- 
t rac t ,  a detailed account of the problems and their  solutions ( o r  
lack thereof) experienced during the development of this type i s  
included in the Appendix. 

This number has  been se t  as ide fo r  a non-magnetic v e r -  
sion of the QV291. All the necessary  non-magnetic pa r t s  were  
purchased and samples of each were  supplied to the Technical 
Officer fo r  the study of their  magnetic properties.  

A direct  reduction in that portion of the grid current ,  
caused by the positive ions that come into existence in the space 
between the cathode and control grid,  has  been achieved in the 
pas t  by making use of a space charge gr id tetrode. The QV292 
was designed to be such a tube with the addition of a third gr id  
to make i t  a t rue  pentode. In this type of tube, the grid neares t  
to  the fi lamentary cathode is operated a t  a positive potential 
which effectively keeps the positive ions away f rom the number 
two grid which i s  used a s  the control element. 

Experimental samples were produced in tes t s  W-68,  75, 
and 90 and evaluated under many conditions. Operated a s  a tet-  
rode, gr id cur rent  values of 1 o r  2 x 10-15 amperes  were  com- 
mon. If applications for  the use of this tube a s  a pentode were  
found, it could be produced o r  modified a s  desired. 



The availabil i ty of two German  inver ted t r i o d e s ,  which 
we re  designed specifically for e l ec t rome te r  appl icat ions ,  led 
to  t he i r  u s e  a s  prototypes  fo r  samples  produced during the 
con t rac t .  The bas ic  design i s  such that  the  anode i s  located 
between the  cathode and the control  e lement .  

:::Frommhold ( s e e  r e f e r ences  below) ha s  pointed out that  the  
c u r r e n t  of the con t ro l  e lect rode i n  t e t rodes  h a s  been lowered con-  
s iderably  by the  introduction of a space cha rge  g r i d ,  due to the  
isolat ion of the  posit ive ions f r o m  the cathode space .  Th is  i s  
equally t r u e  in  the inver ted t r iode  which prov ides  the  additional 
advantage tha t ,  fo r  t h i s  type of s t r uc tu r e ,  all of t he  cathode c u r -  
ren t  i s  being control led,  while in  conventional design e lec t ro -  
m e t e r  tubes  with space  charge g r i d s ,  t he  g r e a t e r  p a r t  of the  
cathode c u r r e n t  does not contribute to  the  amplif ication,  but 
never the less  gives off continuous radia t ion.  

After  designing and procur ing the n e c e s s a r y  p a r t s ,  s a m -  
p les  of the  QV293, s i m i l a r  t o  the  Ge rman  DC760, w e r e  produced.  
See t e s t s  W-76, 89 ,  and 104. 

The cha rac t e r i s t i c s  w e r e  not equivalent to the  Ge rman  
prototype,  but i t  i s  fe l t  that  a min imum amount  of future  work 
would be requ i red  to  obtain the  de s i r ed  r e su l t s .  T e s t s  p e r -  
fo rmed  to  date indicate that  a fu r ther  sl ight  i nc r ea se  in  the  
d iamete r  of the rectangular  con t ro l  e lement  u sed ,  wi l l  provide 
the  de s i r ed  i nc r ea se  i n  cha rac t e r i s t i c  level .  

The inver ted t r iode  construct ion of the Ge rman  tubes  r e -  
sul ts  i n  t he  low Mu (amplif ication fac tor )  values  of approxima-  
te ly  1. 0 f o r  the DC762 and 0.  3 fo r  the  DC760. The significant 
difference between the  two types  i s  the  Mu which i s  controlled 
by the spacing b e  tween the l a t e r a l  w i r e s  of the  wound anode.  
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The QV309 i s  s imi lar  to the DC 762 and resul ts  obtained 
for this construction a r e  contained in tes t  W-77. The change 
in construction which might be anticipated for the QV293 would 
have to be performed on the QV309 s t ructure a l so  - in o rde r  
to ra i se  the character is t ic  level to  that of i ts  German prototype. 

The possible advantages of an indirectly-heated unipo- 
tential cathode electrometer  tube for  laboratory use led  to the 
design and construction of tube type QV331. This type i s  recom- 
mended for  equipment where the added stability of the cathode 
type of construction i s  desired and heater  power consumption i s  
not a significant ~ r o b l e m .  

The character is t ics  a r e  s imi lar  to those of the 7851, ex- 
cept that the maximum allowable gr id current  i s  only 3. 0 x 10- 14 

amperes  instkad of a typical' rating bf 1 x 10-l2 for the 7851. 
Unlike the 7851, which has a top cap, the QV331 basing i s  a r -  
ranged so  that this i s  a seven-pin single ended miniature tube, 

Samples produced in tes t  W-86, 102, 106, and 108 appear  
to be ve ry  satisfactory, 

Several potential u s e r s  a r e  being sampled to see  i f  this 
type of e lectrometer  tube has character is t ics  which make i t  
superior  to other available types for  selected applications. 

This number identifies the CK587 with an open f r a m e  con- 
t ro l  grid. The physical make-up and function of this g r id  i s  
fully discussed in the "Significant Development" section. 

Tes ts  W-51, 78, 79, and 80 contain information on samples  
made with different s ize  aper tures  in the grid face plates.  It 
has  been found that this gr id  improves the overall  g r id  cur rent  
level, eliminates high gr id  cur rent  peaks a t  turn-on, and pro-  
vides a higher character is t ic  level than a r e  obtained in  the same  
type of tube with a conventional wire  wound control grid. 



This  number  identif ies the CK5886 with an  open f r a m e  
control  g r id .  Data fo r  th is  type i s  included i n  t e s t  W - 8 8 .  
It was  des i rab le  to  evaluate th is  novel con t ro l  g r i d  i n  m o r e  
than one tube type and the r e su l t s  obtained using the  CK5886 
a s  a t e s t  vehicle conf i rmed the findings fo r  th is  type of g r id  
when used i n  tube type CK587 



4 , 0  SIGNIFICANT DEVELOPMENTS 

4.1 Open F r a m e  Control  Grid 

A unique gr id  developed during the contract  b e a r s  a 
resemblance to  the regular  f r a m e  type of gr id  without any 
wire  wound tu rns ,  hence the designation, "Open F r a m e  Grid". 
The basic  idea for  this gr id  was originally conceived by M r .  
Harold Z .  Reed of Goddard Space Flight Center  in  discussions 
with Mr .  Jack Williams of Raytheon Company. The design 
and fabrication of the neces sa ry  hardware to  experimentally 
ver i fy  the basic concept was  c a r r i e d  out a t  Raytheon during 
the contract .  

Physically,  this gr id  i s  constructed a s  follows: The 
two side faces of the gr id  a r e  fabricated f rom sma l l  sheets  
of nickel with an  aper ture  punched out of each piece to  the  
des i red  dimensions.  The two faces  a r e  then welded onto 
side rods.  The distance between the face plates  can  be con- 
t rol led by simply controlling the diameter  of the side rods  
o r  by forming the faces  themselves  to  provide any des i r ed  
inside diameter .  The s ize  of the ape r tu re  i s  made  s m a l l e r  
o r  l a r g e r  to  regulate the tube cha rac t e r i s t i c s ,  byproviding 
m o r e  o r  l e s s  control  of the e lectrons traveling to the anode. 
A typical open f r a m e  gr id  i s  shown in drawing A26077 con- 
tained i n  the Appendix. The basic design,  which provide s 
a uniform electrosta t ic  f ield type of control  g r id ,  has  many  
advantages . 

Electr ical ly ,  it reduces  the overal l  gr id  c u r r e n t  l eve l  
by a t  l eas t  one o rde r  of magnitude ( f rom 10-l5 to  10-l6 a m -  
p e r e s )  and provides quick stabilization. I t  e l iminates  the  
high gr id  cu r r en t  peaks a t  turn-on which a r e  a cha rac t e r i s -  
t ic  of a l l  other e lec t rometer  tubes.  It a l so  reduces  overa l l  
tube noise. 

The welded box type construction of this  gr id  i s  i nhe r -  
ently much s t ronger  and m o r e  rugged than i t s  w i r e  wound 
counterpar t ;  i t  r e s i s t s  deformation due to  handling and a s -  
sembly much be t te r .  It does not make  use  of the regular  
s p i r a l  winding wire  so  the re  a r e  no grid l a t e r a l s  to  v ibra te .  



The open f rame grid provides a m o r e  uniform con- 
tact potential over the entire surface of the gr id a s  opposed 
to rz different contact potential for each wire  of a regular 
wound grid.  

It minimizes that p a r t  of the internal bulb charge which 
i s  normally generated by electrons missing the plate and con- 
tinuing on to the glass  envelope. These electrons do not reach 
the plate since they a r e  deflected in  various ballistic paths 
while pas  sing through the non-uniform electric field produced 
by the individual turns of a wound grid.  

Tube noise i s  reduced since only uniformly accelerated 
electrons from the hot portion of the filament t rave l  to the 
plate; that i s ,  the relatively cold ends of the filament a r e  
effectively shielded. 

The above explanations do not deal directly with the 
extremely low level and improved shape of the grid cur rent  
curve.  In an attempt to do th is ,  the l i terature  covering the 
study of grid cur rent  in electrometer  tubes was again reviewed, 
especially the exhaustive studies performed by Frommhold, 
previously referenced. 

In these works i t  i s  pointed out that a t  extremely low 
grid cu r ren t  levels ,  after a l l  the known components of grid 
cur rent  a r e  reduced by appropriate means  to  values l e s s  than 
10'16amperes, the remaining component of grid cur rent  i s  
made up of photo-electrons that is due to  continuous radia-  
tion. Two methods a r e  se t  forth a s  means  of decreasingthe 
photo-electric yield. The f i r s t  i s  by raising the work function 
of the control electrode and the second by reducing the effec- 
tive a r e a  of the control electrode that i s  being struck by con- 
tinuous radiation. 

The substantial shift of the c rossover  voltage for the 
open f r ame  grid tubes to the higher value of 1.9-2.0 volts, 
suggests that the work function of the control electrode has 
indeed been increased.  At the same t ime i t  seems reasonable 
to believe that the removal of the control grid turns f rom the 
path of the electron s t ream has  in  fact reduced the effective 
a r e a  of the control electrode that i s  being s t ruck by theradia-  
tion. 



Experience gained with the subminiature CK587 has  
shown that i t  i s  possible to have a very high insulation r e -  
sistance between the control grid and the other elements in 
the tube, even when the distance separating these elements 
in the glass  i s  quite smal l .  Therefore,  i t  was felt  that a 
single ended miniature cathode type of e lectrometer  tube 
could be made with a relatively low grid cu r ren t  level,  p ro -  
viding the techniques developed in the production of fi lamen- 
t a r y  electrometer tubes were  rigidly adhered to .  

To provide adequate cathode temperature with a r e l a -  
tively low heater power consumption, the supporting space r s  
were  designed with a square cathode hole. It has  been found 
that the four point contact between cathode and s p a c e r s ,  p ro-  
vided by mounting a round cathode in  a square hole,  combine s 
the advantages of minimum cathode cooling with a rugged 
construction. To insure the highest possible insulation r e -  
sistance between tube elements ,  the space r s  were  coatedwith 
a coarse  grained alundum spray.  

The resul ts  were  very  satisfactory, a s  the finished 
tubes had stable charac ter i s t ics  and a gr id cu r ren t  level  be- 
low 3 .0  x 10-14 amperes .  Samples exposed to temperatures  
of 1500 centigrade for 100 hours  exhibited little change in  
charac ter i s t ics  which i s  very  significant; a s  there  i s  an  u r -  
gent need for an electrometer  tube which can  withstand 
thermal  steril ization for  future space probes.  

4 .3  Leak Tight Subminiature Ceramic  Stem As semblv 

The successful completion of a me ta l  envelope version 
of a filamentary electrometer  tube was dependent, f i r s t  of 
a l l ,  upon the production of a leak tight seven-pin subminia- 
tu re  ceramic s tem assembly.  The ceramic  insulator ,  com- 
posed of 99% alumina, was designed to  be .280" in diameter  
with seven .0185" holes arranged on a .1801' pin c i rc le .  This 
insulator ,  an  external me ta l  sealing ring, and appropriate 
me ta l  leads, were  to be bonded together to form a leak tight 
s tem assembly. Drawing 201572-1, contained in  the Appendix, 
shows the configuration of this  assembly . 



After a g rea t  deal  of experimentation with methods and 
m a t e r i a l s ,  both h e r e  and a t  Coors  Porce la in  Company, suc- 
cess fu l  assembl ies  were  finally made .  F o r  these assembl ies  
the ceramic was changed f rom 99% to 9670 alumina,  The 
metall izing used was lithium-molybdate followed by nickel 
plating of the ce ramic .  The metal l ized and plated c e r a m i c ,  
nickel l eads ,  and nickel sealing ring were  thenbrazed toget- 
h e r  into a leak tight assembly with pure  s i lver  brazing m a -  
te r ia l .  

Much i s  left  to  be done to  fully evaluate the insulation 
proper t ies  of this  s t e m ,  but i n  the l imited samples  to date ,  
i t  has  functioned satisfactorily.  

4.4 Fabrication Of A Metal Ceramic  Tube 
Without Fi lament  Contamination 

How to assemble  a mount and then bond the tube ele-  
men t s  and a m e t a l  sealing ring to  the top ce ramic  spacer  
without injury to  the filament was a question which went 
unanswered during the ear ly  p a r t  of the contract .  Finally,  
the following method was devised to  produce the desired 
resu l t s .  

The relatively high tempera ture  of 1150° Centigrade 
required t o  flow copper ,  made  it mandatory that  the bonding 
operation be  per formed before the filament was  inser ted  into 
the mount. 

The m e t a l  sealing ring to  be used a t  the top of themount 
was modified by the addition of a window to allow the entrance 
of a welding point to make  the top fi lament weld af ter  the seal-  
ing ring and unit we re  bonded together.  Drawing 201574 con- 
tained i n  the Appendix shows this  assembly  technique. 

At th i s  point the fi lament was added and the completed 
unit was attached to  the s t em assembly  with flexible leads .  
This i s  shown i n  drawing 201569 which i s  contained in  the 
Appendix. 

This assembly  was in tu rn  inser ted  into the long nickel 
s leeve,  which becomes the external  m e t a l  envelope, and heli-  
a r c  welded a t  the top and bottom of the mount assembly to  
complete the s t ruc ture  without h a r m  to  the sensit ive fi lament.  



4 . 5  
For  Improved Microphonics 

Several methods were  investigated to c r imp  the bulb 
glass  to the top mica  spacer  of tube type CK587. This tube 
i s  in a rectangular T 1112 x 2 bulb and therefore does not 
lend itself to rol l  crimping f rom the outside of the envelope. 
This tube depends on a very short  active filament for  i t s  
emission and any loss  of active emitting a r e a ,  through oxi- 
dation, resul ts  in  a depressed character is t ic  level. 

The following apparatus was devised, whereby an  in- 
e r t  flushing gas, such a s  nitrogen o r  carbon dioxide, i s  
allowed to flow through a line with a tee arrangement  at the 
end. The tee is oriented so  that the gas  flowing a t  the inlet  
m a y  continue straight through the tee o r  be diverted to p a s s  
out the other outlet. Placing the exhaust tubulation of a 
vacuum tube over one outlet in  the t ee ,  and plugging the 
other outlet, forces  the iner t  gas into the vacuum tube d is -  
placing a l l  the air. Removing the plug from the outlet allows 
the gas to pass  directly through the tee .  As i t  pas ses  the 
outlet, whichhas the vacuum tube seated over i t ,  the flow 
of the gas by the end of the tubulation pulls some of the iner t  
gas  out of the vacuum tube and provides a reduced p r e s s u r e  
within the tube. If a pinpoint flame i s  now applied to  the 
glass  opposite the mica  bumper points, the softened g lass  
will be drawn in against  the spacer .  The t r a c e s  of the iner t  
gas which remains inside the tube will prevent oxidation of 
any of the tube p a r t s .  

The above apparatus ,  which is depicted in an  i l lus t ra -  
tion in the Appendix, functioned very well and severa l  hun- 
dred successful samples  were  produced, both for  the con- 
t r ac t  and for others interested in a premium tube for  special  
applications. 

Roll crimping, to  anchor the bulb glass to the top mica  
in the round T - 3  version of the CK587, can be done quite 
successfully, on ro tary  sealing-in equipment. Contamina- 
tion problems which a r e  believed to be due to  other causes ,  
m u s t  be resolved before the evaluation of microphonic out- 
put for  this s t ructure can  be completed. 



4 . 6  Production Of A Reduced Size & 
Filament Drain Electrometer  Tube 

The detailed evaluation of tube type QV271 in other 
sections of this report  leaves very little m o r e  to be said 
about this  reduced size and filament drain electrometer  
tube. Therefore,  only a brief summary  of previous dis- 
cussions i s  included a t  this point. 

It is possible to produce a shor te r  tube than theCK587 
with comparable character is t ics  . The effective distance be - 
tween space r s  i s  approximately seven mi l l imeters  in the 
CK587 and five mi l l imeters  in the QV271. The total filament 
power consumption i s  reduced by about one half, f rom 6.25 
rnilliwatts for the CK587 to 3.25 mill iwatts for the QV271. 
Filament resonance, on the other hand, is increased f rom 
8-10 kilocycles for  the CK587 to 10-13 kilocycles for the QV271. 

It should be borne in mind that there  will always be 
additional manufacturing difficulty in the production of the 
QV271, due to an increase in filament breakage from the use 
of the m o r e  fragile 5.0 mil l iampere filament. 



5.0 CONCLUSTIONS & RECOMMENDATIONS 

5.1.1 Analysis Of Residual Gas In Evacuated Glass 
Envelopes 

A study of the residual gas in subminiature elec-  
t rometer  tubes,  performed by Machlett, to determine 
i f  an unknown contaminant i s  contributing to  the 10s s 
of emission during thermal  steril ization, disclosed no 
new information. This i tem is complete. 

5.1.2 Reduction of I / F  Or Flicker Noise 

So li t t le i s  known about the t rue  physicalnature 
of flicker noise it i s  suggested that this  a r e a  not be  
investigated fur ther  a t  this t ime. P r i m a r y  emphasis 
should be placed on improving those a r e a s  which a r e  
both bet ter  known and l a rge r  contributors to  tube noise. 

Filament Resonant Frequency Control 

In future work the filament resonant frequency 
will be designed a s  high a s  possible consistent with 
low filament breakage. Experience gained f rom using 
stronger filament wire  and heavier filament tension- 
ing springs,  combined with shorter  mounts will be  
utilized. Samples should continue to be evaluated for  
this  parameter  so  that the resonant frequency of the 
filament can  be determined for each new s t ruc ture  
and maintained a t  the highest pract ical  level. 

5.1.4 Trapped Charges On Glass Envelopes 

Although there  m a y  be many sources c ~ n t r i ' b u ~ i n g  
to trapped charges  on tube envelopes, by f a r  the m o s t  
ser ious one resu l t s  f rom the creation of a highlywater 
repellent surface on the glass  by the use of a reac t ive  
chloro- silane t reatment .  In the face of unsucce s sful 
attempts to find a bet ter  method of "dri-filming" g lass  
envelopes, i t  i s  recommended that a functional m e t a l  
envelope type be perfected a s  quickly a s  possible to 
take the place of the glass  versions now in use .  The 
meta l  envelope can  be readily connected to a suitable 
potential to eliminate the build-up by electrostat ic  
charges .  



The existance and cha rac te r  of piezoelectric 
generated charges in g lass  electrometer  tubes was 
studied in this contract.  Data taken indicated that 
these charges ,  when measuring gr id cu r ren t  below 
10-l3 amperes ,  contributed to  the shape of the grid 
cu r ren t  curve and were ,  in  fact one of the major  
causes  of instability during the f i r s t  forty-eight hours 
of operation. The only known way to eliminate such 
charges  i s  to replace the g lass  envelope. However, 
the change to a meta l  ce ramic  tube, which eliminates 
the g lass  envelope, provides other sources of piezo- 
electr ic  potentials in the ceramic  insulators.  These 
charges  will have to be considered in  any further in- 
ve stigations involving a me ta l  ce ramic  tube. 

5.1.6 Gettering 

Data from completed t e s t s  emphasized the need 
for  some type of getter in both g lass  and meta l  envelope 
tube types. "Flashless" ge t te rs  reduced contamination 
f rom meta l  deposits on the insulators during the getter 
activation s tep,  but failed to improve the resis tance of 
the tubes to  thermal  steril ization. 

Further  researching of get ter  mater ia l s  and 
techniques might be necessary  in  the future,  especially 
in connection with the me ta l  ceramic  tube type QV291. 

5.1.7 Lower Total Grid Current  Value 

A reduction in the total  gr id cur rent  was attained 
through innovations o r  improvements in severa l  im-  
portant a r e a s .  A decrease  in  the photo-electric effect 
of the filament was realized by reducing the overall  
length of the tube s t ructure.  The combination of an 
improved alundum mica  insulating spray and the new 
shor t  s t ructure made i t  possible to  produce 8 5 2 0 / C ~ 5 8 7  
samples  with a grid cu r ren t  of l e s s  than 2 . 5  x10-15 
amperes .  



A lower grid cur rent  level was a l so  obtained 
through improved input electrode insulation resis tance 
in two experimental t e s t s ,  one of which was processed 
without a filament "hot- shot" and the other in which the 
regular bar ium getter was replaced with a "flashless" 
zirconium-aluminum get ter .  

Perhaps  the most  outstanding improvement in  
the grid cur rent  curve ,  both in  magnitude and shape, 
was obtained by using an  open f rame s t ruc ture  for  the 
control gr id.  I t  i s  recommended that this  type of grid 
be fur ther  evaluated in future studies. 

5.1.8 Control Of Grid Current  Crossover  Voltage 

The c rossover  voltage i s  defined a s  that voltage 
a t  which the net resul t  of components of the total  grid 
cur rent  i s  zero .  At this point the positive cu r ren t s  
exactly compensate the negative cur rents  in the control 
electrode. Methods of changing this voltage have been 
the subject of much consideration during this  program.  

During the contract  the c rossover  voltage was 
changed f rom -1.4 volts to - 2 . 0  volts in  sepa ra t e t e s t s .  
Analysis of these tes t s  seems to indicate that a change 
of work function for  one o r  m o r e  of the tube elements ,  
with a corresponding change in  contact potential, shiftg 
the c rossover  voltage of the grid cur rent  curve.  

This parameter  should continue to  be evaluated 
in future work, a s  there  i s  s t i l l  much to be learnedbe-  
fore the c rossover  point can  be  repeatedly controlled 
and optimized. 

5.1.9 Shielding For  Electrometer  Tubes 

The la rge  fluctuation in grid cu r ren t  observed 
for g lass  envelope electrometer  tubes,  when removed 
from the standard light-tight tes t  enclosure,  indicates 
that a l l  known fo rms  of shielding that a r e  built in  o r  
attached to the g lass  envelope a r e  inadequate a s  long 
a s  s t r ay  light i s  f r ee  to enter through the tip o r  p r e s s .  
Metal ceramic  samples ,  tested under the same condi- 
t ions,  give an indication by their  stable gr id cu r ren t  
that the problem of light penetration i s  eliminated when 
this type of s t ructure i s  used. 



Future work should be directed toward the comple- 
tion of the metal  ceramic  and non-magnetic metal  ceramic  
types to prevent interference f rom light, bulb charge and 
s t r ay  magnetic fields. 

5.1.10 Improved Stability In Elec t rometer  Tubes 

An insight into tube stability was provided by 10,000 
hour ,  long t e r m  life data,  which shows a slow but steady 
decline in tube charac ter i s t ics ,  accompanied by a gradually 
improving level of control gr id  cur rent .  

The most  significant improvement in stability came 
a s  the resul t  of using an  openframecontrol  gr id,  which 
eliminated the high grid cu r ren t  peaks a t  turn-on, andpro-  
vided a lower overall  value of total  grid cur rent .  

Stabilizing t ime,  which i s  the t ime interval required 
to a r r i v e  a t  a steady value of gr id cu r ren t ,  was greatly 
reduced in tubes with the open f r ame  grid compared to 
tubes having standard wire  wound control gr ids .  

5.1.11 Repeatability Of Tube Character is t ics  

When one considers  the many variables which con- 
tribute to character is t ic  differences f rom sample to sample 
o r  within any given sample,  it i s  understandable that these 
differences sti l l  exist  despite y e a r s  of technical effort. 
There  a r e  variations in  the p a r t s  themselves,  deformation 
of elements during handling and mounting, slight differences 
in the filament wire and fi lament coating, discrepancies in  
tensioning and positioning of the finished fi lament,  and 
variations in the sealing-in and processing cycle,  a s  well 
a s  changing work functions of the tube elements f romge t t e r  
"flashing" o r  filament "hot shotting". 

This entire a r e a  should continue to be investigated 
a s  new devices a r e  developed to advance the state of the 
a r t  in electrometer  tubes. 



5.1.12 
Tnduced Bv Shock & Vibration 

It has  been determined that crimping the glass  
envelope to the top mica  spacer eliminates the la rge  
vibration output spikes caused by a loose bulb to mica  
f i t ,  but increases  the overall  noise output slightly. 
Monitoring pentode charac ter i s t ics ,  before and af ter  
vibration, supplied data which indicates a reduction i n  
character is t ic  change due to vibration i s  possible with 
this type of s t ructure.  

The use of tungsten-rhenium filament wire  and 
heavier filament tensioning springs res t r ic ted  filament 
movement,  which a lso  reduced the change in character.: 
i s t ics  before and af te r  vibration. 

It i s  very desirable to have a stable narrow charac-  
te r i s t ic  spread  for each type of e lectrometer  tube; and 
work should continue toward the realization of this  objec- 
tive on any new designs which a r e  investigated. 

5.1.13 Attempts To Develop A More Rugged 
Elec t rometer  Tube 

Methods already discussed to l imit  the change in 
tube charac ter i s t ics  , induced by shock and vibration, 
apply equally well to  the task of producing a m o r e  rugged 
electrometer  tube. Shorter overall  length, crimping of 
the g lass  envelope to  the top mica  spacer ,  added mech- 
anical s tops,  and the elimination of grid l a t e ra l  wire  vi- 
bration by the use of open f r amegr ids  a r e  improvements 
which contribute to overal l  performance and rugged con- 
struction. 

This type of work m u s t  continue in any further in- 
vestigations, in o rde r  to have newly-developed tube types 
mee t  the standards which have already been attained with 
electrometer  tubes produced to date. 



When dealing with the subminiature electrometer  
tubes of today, i t  i s  imperative that the processing cycle 
be such that the tiny fi lamentary cathode i s  protected 
f rom contamination (especially oxidation) a t  a l l  stages of 
production. Of equal importance i s  the necessity of p ro -  
tecting the insulators and tube elements f rom meta l  fi lm 
deposits,  which lower the resis tance and work function 
respectively of the affected p a r t s .  

Data f rom pas t  t e s t s  indicate the need for continued 
efforts to find bet ter  methods and mater ia l s  for gettering, 
a s  well a s  a bet ter  understanding of what takes place during 
the sealing-in operation. In addition, to determine the t rue  
effects of contamination f rom back-streaming of the vapors 
f rom oi l  pumps, the Varian Ion Pumped Ultra High Vacuum 
System should be further evaluated. 

5.1.15 Thermal  Sterilization 

With the growing importance of space probes,  m o r e  
urgent demands a r e  being made  for  components that can  
withstand high tempera tures  for prolonged periods of t ime.  
(150' centigrade for a minimum of 100 hours . ) 

Tube type CK587 samples ,  fabricated with glass  
envelopes which were  baked a t  400° centigrade overnight 
and dipped in a KOH solution p r io r  to  assembly,  were  
considerably better af ter  thermal  steril ization than the 
control.  Tube type CK587 samples  processed without a 
filament "hot-shot" were  a l so  bet ter  than the control a f te r  
both received the same high temperature treatment.  

The cathode electrometer  tube, type QV331, pro-  
duced the bes t  performance with improved grid cu r ren t  
level and only slight changes in  character is t ic  s af ter  being 
thermally steril ized. 

It i s  recommended that work continue with the cathode 
electrometer  tube (QV331) and the meta l  ceramic  tube (QV291) 
to  fur ther  improve their  resis tance to high temperature 
steril ization. 



5.2 Experimental Tube Types 

5.2.1 QV271 

The QVZ71, a shor ter ,  reduced filament drain ve r -  
sion of the CK587, can be produced with charac ter i s t ics  
which a r e  essentially the same a s  those of the CK587. 
However, increased difficulties associated with the handl- 
ing and mounting of the lighter m o r e  fragile filament, 
substantially decreases the overall  yield. 

It i s  recommended that this type be used in place 
of the 8 5 2 0 1 ~ ~ 5 8 7  only i f  the application i s  such that the 
reduction in filament drain from 10 mil l iamperes to 5 
mil l iamperes i s  of paramount importance. 

The 8 5 2 0 / ~ ~ 5 8 7  i s  a premium tube which can be 
produced in i t s  present  form. This type should continue 
a s  a basic design which i s  available for space applications. 

Designed a s  a double ended version of the CK587, 
with the control grid brought out a t  the opposite end of 
the envelope from the flat p r e s s .  This type presents  
cer tain difficulties a t  "tip-off" due to the presence of the 
lead to the control element in  the exhaust tubulation. 

However, the long leakage path over the glass ,  be-  
tween the control element and the r e s t  of the tube elements,  
the much shorter  length of the control element lead reduc- 
ing external pick-up , and the type of physical construction 
which i s  superior for  cer tain packaging applications, may  
make it desirable for cer tain applications. 

The designation QV290 has been given to an  experi-  
mental tube type which i s  the resul t  of attempts to redesign 
the 8 5 2 0 1 ~ ~ 5 8 7  into a round T-3  glass  envelope. It was 
hoped that a l l  the desirable fea tures  of the 8520 could be 
retained and in addition, changes in character is t ic  levels 
resulting from shock and vibration could be reduced to a 
minimum. 



However, changes in the processing cycle to a c -  
commodate the button type of construction and the use of 
a heavier glass envelope, introduced variables that have 
prevented a satisfactory level  of character is t ics  f rom 
being attained. 

Due to the concern that exists that a substantial 
decrease  in broadband microphonic output may  not be 
achieved, coupled with the difficulties of producing sat-  
isfactory samples for  environmental evaluation, leads to 
the conclusion that the entire question of continuing the 
specific design approach taken thus f a r  should be r e -  
viewed. 

F i r s t  samples of this important meta l  ceramic  
electrometer  tube have been produced in which a l l  the 
construction problems were  overcome. It will now be 
possible to initiate t e s t s  to evaluate and center tube 
character is t ics .  Work should continue with the highest 
pr ior i ty  to produce a satisfactory meta l  ceramic  elec- 
t rometer  tube and to evaluate i t s  performance capability. 

The QV292 i s  a space charge gr id electrometer  
tube in a T-3 glass  envelope with the addition of a third 
grid to make it a t rue  pentode. Working samples were  
produced during this p rogram,  and no fur ther  device de- 
velopment i s  rec ommended unless  some specific applica- 
tion i s  found where the pentode design of this tube can be 
effectively utilized. 

The QV293 i s  the Raytheon version of the German 
inverted triode DC-760. The physical construction prob-  
l ems  have been solved and working samples were  produced 
which have charac ter i s t ics  lower than the design objectives. 
It i s  believed that the geometric changes necessary  to center  
the charac ter i s t ics  a t  the des i red  level a r e  known and should 
be c a r r i e d  out i n a  future program.  



The QV309 is  the Raytheon version of the German 
inverted triode DC-762. The only difference between the 
DC-760 and DC -762 i s  the amplification factor .  There-  
fore ,  the same changes contemplated for the QV293 in 
any future program should also be ca r r i ed  out for the 
QV309. 

The QV331, a unipotential heater cathode electro- 
m e t e r  tube, can  be produced quite successfully. The 
ability of this cathode electrometer  tube to withstand high 
thermal  sterilization temperatures  i s  a significant reason 
for continued efforts to improve and adapt this type for  
space oriented service.  

The above experimental numbers a r e  reserved for 
tube types CK587 and CK5886 respectively, to designate 
versions of these tube types constructed with openframe 
control elements. 

In both types this unique control element i s  respon- 
sible for an improved grid current  level and elimination 
of grid current  peaks at turn-on. The foregoing improve- 
ments  a r e  possible in conjunction with a much higher 
character is t ic  level than can be attained with tubes having 
a wound control element. 

Efforts should continue to further study this type of 
gr id in electrometer tubes. In addition, samples should 
continue to be evaluated to optimize their  performance in 
end-use equipment designs. 



6.0 AREAS FOR FUTURE CONSIDERATION 

6.1 Metal Ceramic Electrometer  Tubes 

There i s  no doubt that the f i r s t  a r e a  for  considera-  
tion in any further endeavor should be concerned with the 
completion and improvement of a subminiature filamen- 
t a ry  meta l  ceramic  electrometer  tube such a s  the QV291. 

F i r s t  samples of this  type have been produced in 
which the construction problems have been successfully 
overcome. Character is t ic  levels need improvement,  but 
i t  i s  hoped that this will be remedied by the addition of a 
suitable getter to reduce the high gas level found in ear ly  
tubes.  

The elimination of bulb charge,  the possibility of 
immunity to  high temperature operation and s torage,  in- 
c reased  resis tance between tube elements by the use of 
96% o r  99% alumina space r s ,  and the elimination of poi- 
soning during operation f rom water vapor and gases  r e -  
leased by the mica  spacers  and glass  envelope, offer 
opportunities for significant improvements which cannot 
be overlooked. 

P a r t s  made f rom non-magnetic mater ia l s  a r e  avail-  
able and the substitution of these components for the regu- 
l a r  p a r t s  used in the QV291, would resul t  in a version that 
i s  expected to be impervious to outside magnetic fields. 
The experimental number reserved  for  this type i s  QV332. 

6 . 2  Cathode Type Electrometer  Tubes 

A second ma jo r  a r e a  that offers substantial oppor - 
tunities for  improvement in the field of vacuum tube el-  
ec t rometers  i s  concerned with the development of a uni- 
potential heater  cathode electrometer  tube for low dra in  
equipment. 



The QV331 i s  a cathode type electrometer  tube which 
was developed for  applications in which an ultra-low heater 
power input was not needed. A program should now be 
initiated, with the QV331 a s  a t e s t  vehicle, to build and 
evaluate samples to determine the lowest drain heater  
which can  readily be used with the present  construction 
and s t i l l  produce a satisfactory tube. 

A fur ther  developmental effort could be expended 
to produce samples with a m o r e  exotic hea ter  cathode 
arrangement ,  in an effort to lower the hea ter  power con- 
sumption to  a value m o r e  comparable to the high drain 
fi lamentary tubes. It might be expected that this  low 
heater  power version of a cathode electrometer  tube would 
be essentially unaffected by high temperature steril ization. 

6 . 3  Open F r a m e  Grid Designs 

A third a r e a  which m e r i t s  future consideration is 
that of the open f r ame  grid.  Efforts to date pr imar i ly  
have been concerned with the use of this gr id a s  a con- 
t r o l  element in  fi lamentary tube types. A logical future 
step appears to  be the evaluation of this gr id in acathode 
electrometer  tube. Additional efforts should be directed 
toward the evaluation of improved open f r ame  c onfigura- 
tions to determine i f  th is  type of gr id  construction will 
produce improved performance when utilized in  place of 
all the conventional wound grids  in  electrometer  tubes. 

Subminiature Cathode Elec t rometer  Tube 

An a r e a  which could be considered by itself o r  
combined with 6.2 i s  the reduction in  physical size of 
the present  miniature tube type QV331. The physical 
s ize could be reduced to that of a T-3  subminiaturewhile 
maintaining the present  charac ter i s t ics  and grid cu r ren t  
levels .  
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Technical ' 
SUBMINIATURE 

Information E N  PENTODE CTFtOMEXER 

MECHANICAL DATA 

Raytheon type 8520 i s  a subminiature electrometer pentode 
with very low filament power, good emission s tabi l i ty ,  and 
low microphonics, and i s  outstanding because of i t s  ex- 
tremely low grid current, It has suff icient  voltage gain 
fo r  operation i n  the  electrometer stage of a multi-stage 
circui t .  The f lexible  terminal leads may be soldered or  
we1'ded d i rec t ly  t o  the terminals of c i r cu i t  components, 

EUGTRI CAL DATA 

ABSOLUTE MAXIMUM RATINGS 
UNITS + 

Filament Voltage ( dc) ....................... -0.625 -10% 
Plate Voltage.. ............................~~ 45' vol ts  
Screen Grid Voltage.. ........................ 45 volts  
Total Cathode Current, ....................... 100 uAdc 

AVERAGE CHARACTERISTICS --- 
............................ filament Voltage, 0.625 vol ts  

Filament  current........^..........^........ 10 mA 
Plate Voltage.. .............................. 8 volts  
Screen Grid Voltage.. ....................... 5.5 volts  ............... Control Grid Voltage.,...,.,. -2.0 vol ts  

... Plate Load Resi~tance....,...........~...... ohms 
Plate Current..........e,e.oo.....~~~...oe.. 8 uAdc 
Screen Grid Currsnt.....,..,.....,.......... 2.5 uAdc 
Amplification Factor (Grid 2 Conn. t o  plate) 2.2 ---- 
Transconductance.. .......................... 1 7  umho ................*............... ---- +$Voltage Gain *l.fs ......... Maximum Control Grid Current.. 2.5~10' amp 

?c Gain tested with grid 2 connected t o  plate; 
- Eb = 22.5 Vdc; Ecl = -3 Vdc; RL = 200 K ohms 

.. i Envelope. ~ l % x 2  Glass .... i Base.. .Pinch Press 

i 0 .016~~ tinned f lexible  
i leads. Length=l, Sournin, 
: Leads on 0 ,040~~  center- 
: to-center spacing, 

: Mounting Position..Any 

PHYSICAL DIMENSIONS 
1 

: TERMINAL CONNECTIONS3t: 

i Lead 1 Pla te  
. , . L 

: Lead 2 Screen gr id  

i h a d  3 Filament posi- 
: t ive,  one deflector 

I i Lead 4 Filament nega- 
Tentative Data i t ive ,  one deflector 

These data ident ify a part icular  development design3 the i Lead 5 Control Grid 
I descriptive data are subject t o  change, 

Printed ~n i *Lead 1 is adjacent t o  
U.S.A. : red dot .. : . t. ............................................................................................. 1. -................ **a*m**A**-***8 
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TECHNICAL INFORMATION I 

SUBMINIATURE ELECTROMETER PENT ODE QV290 

Raytheon experimental type QV290 i s  r nubminiature electro- MECHANICAL DATA 
meter pentode with very l o w  filament power, good errisston 
s t ab i l i t y ,  low microphonicr, end %ow grid cuwent , Thir Envelop* , . , , , T3 Glass 
i s  a version of type 8520 i n  T3 bulb, Base , , , . , Buttan ~8-10 

^ Mounting Position . Any 
ELECTRICAL DATA n 

ABSOLUTE MAXIMUM RATINGS 
UNITS - ...................... Filament Voltage (dc) 'm 

Pla te  Voltage . . . . . . . . . . . . . . . . . . . . . . . I . . . , . .  45 volts 
Screen Grid Voltage ........................ 45 volts 
Total Cathode Current . . . . . . . . . . . . . . . . . . . . . .  100 Wldc 

TYPICAL CHARACTEFtISTICS 

Filament Voltage . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.625 volt6 
Filament Current ..................~. ,, .. ,,. 10 mA 
Plate Voltage ......,......................, 8 vol t r  
Screen Grid Voltage , . , , . . , , . , , . , , , , ,, , .,,, . 9.5 volt  6 ....................... Control Grid Voltage -2.0 volt8 

. .  Pla te  Load Resitrtance . . . . . . . . . . . . . . . . . . . . . .  -0- ohma 
Plate  Current . . . . , . , , , , , . . . . . , . , , , . . I . . . . . , ,  8 U A ~ C  

Screen Grid Current .,..,.,....,,,......,,,, 2.5 uAdc 
Amplification Factor (Grid 2 ' Conn, to. Plate.) 2 , 2 ---- 
Transcanductance ........,.,,,,.,.,,.,....,, 1 7  umho 

+CVoltage Gain l..*.*oa..,,,..,,,,.,,,,a,,.L. 

*la8Z ---- Maximum Control Grid Current .......,..,. 2. ~ ~ 1 0 ' ~  amp 

i+ Gain tes ted  with Grid 2 connected t o  plate; 
Eb = 22.5 Vdc; Ecl = -3 Vdc; RL = 200K ohms. 

OBJECTIVE DATA 

These data ident i fy  a part icular  development design; tbe 
type, including the type designation, i s  subject t o  change 
or abandonment. 

Tinned 
Leads 

Lead 1 Pla te  
Lead 2 Screen gr id  
Lead 3 Filament posi- 

t ive,  one deflector  
Lead & Filament nega- 

tive, one deflector 
Leads 5 and 6 Cut, no 

connection 
LBad 7 Control grid 
Laad 8 cut, no oonnec- 
f ion 

RAYTHEON COMPANY * 465 CENTRE STREET QUINCY, WSS. 02169 
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TECHNICAL INFORMATION ~~~ SUBMTNIATURE ELECTROMETm PENT ODE 

Raytheon experimental type QV291 i s  a subminiature electro- MECHANICAL DATA 
meter pentode with very low filament power, good emieeion 
s t ab i l i t y ,  low microphonics, and low grid current; This i s  Envelope ........ Metal 
a metal-ceramic construction version of type 8520, _ Base . , , Ceramic Header 

Mounting Position . Any 
ELECTRICAL DATA 

ABSOLUTE MAXIMUM RATINGS 
UNITS 

Filament Voltage (dc) . , . . . , , . , . . , . , . . , , , ,,, D;62-j 210% 
Pla te  Voltage . , . , . , . . . , . . , , , , , , , b b , , . , b b , ~ b  45 vol ts  
Screen Grid Voltage . . . , , , , , . , , , . , , , , , b b b ~ b b  45 vol ts  
Total Cathode Current .,,,., ,,,,..,.,,,,,.,. 100 uAdc 

TYPICAL CHARACTERISTICS 

Filament Voltage , . , . . , . . . . , . , , . , , . . , , , , . 0,625 vol ts  
Filament Current ........................... 10 mA 
Pla te  Voltage .............................. 8 vol ts  
Screen Grid Voltage . , . , , . , , , . , , . , , , , , , , , , , 5,s vol ts  
Control Grid Voltage .,,,,,,.,,, , ,,..,,,,,,, -2,O vol t s  
P la te  Load Resistance ...................... --- ohms 
Pla te  Current . , . , , , . , , , , , , , , , , . , , , , ~ b , , t b , b  - 8 U A ~ C  
Screen Grid Current , . , , , , , , . , . , . . , , , , , , , , , , 2,s uAdc 
Amplification Factor (Grid 2 Conn. t o  Plate) 2,2 ---- 
Transconductance .................... , ,,,,,., 1 7  umho 

3Woltage Gain . . , . . . . , b . , . . . , , , , , b b b b t b . b b b t ,  *lb85 ---- Maximum Control Grid Current, , . , , , , , , , , , , 2, 5xl0-1 amp 

# ,;; 
0,320 
DIA. 

Niclcel 
Leads 
0,015 A $2 III 111.2 

4+ Gain tested with Grid 2 connected t o  plate;  
Eb = 22.5 Vdc; Ecl = -3 Vdc; RL = 200K ohms. 

TER.MINAL CONNECTIONS 

OBJECTIVE DATA 

These data ident i fy a part icular  development design; the 
type, including the type designation, i s  subject t o  change 
or abandonment. 

Lead 1 Pla te  
Lead 2 Screen grid 
Lead 3 Filament posi- 

t ive,  one deflector 
Lead 4 Filament nega- 

t ive,  one deflector 
Leads 5 and 6 Omitted 
Lead 7 Control grid 

RAYTHEON COMPANY 465 CENTRE STREET * QUINCY, MASS. 02169 - - -  November 4, 1966 
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TECHNICAL INFOFtMATI ON 

SUBMINIATURE ELeCTROMETER SPACE CHARGE PENTODE QV292 

Raytheon experimental type QV292 is a subminiature electro- MECHANICAL DATA 
meter space charge pentode with very low filament power, 
good emission s t ab i l i t y ,  low microphonics, and low grid - Envelope . . . T 3  Glass 
current, Base . , , . Button ~ 8 - 1 0  

Mounting Position , Any 
ELECTRICAL DATA 

TYPICAL CHARACTERISTICS 

Filament Voltage .............,..... ... 0,625 
Filament Current ...................... 10 
Pla te  Voltage  rid 3 t i ed  t o  plate)  , . 6 
Space Charge Grid Voltage  r rid 1) , . , , +2,5 
Control Grid Voltage  rid 2)  ..be..... -2.5 
Plate  Resistance ....... ..,......,..,,, 90 
Plate  Current ..................a.bb... 15 
Space Charge Grid Current ........,.... a 0  
Transconductance ...................... 
Control Grid Current .....,......... 2.5~10' 3 

UNITS - 
0.625 vol ts  

10 InA 
6 vdc 

+3.h Vdc 
-2.5 Vdc 

65, Kohm 
21 uAdc 

250 u d c  
24 umho -- A 

EXPERIMENTAL DATA 

These data identify a part icular  development design; the 
type, including the type designation, i s  subject t o  change 
or abandonment, 

M a x .  

0,400 0 , 3 6 P  a7 

TERMINAL CONNECTIONS 

DIA. 

Lead 1 Pla te  
Lead 2 Grid #3 
Lead 3 Filament posi- 

t i v e  
Lead 4 Filament nega- 

t i v e  
Lead 5 Grid #l (space- 

Charge ) 
Lead 6 Cut, no connec- 

t ion  
Lead 7 Grid #2 (CONTROL) 
Lead 8 Cut, no connec- 

t ion  

54 
A 

RAYTlIEON COMPANY 465 CENTRE STREET * QUINCY, MASS. 02169 

Tinned 
Leads 0,019ll ~ 4 ,  u\ 25 

Dia. d 
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'O' Dl A .  
M A X .  . 

T I N N E D  LEADS 

I 

T 3  B U T T O N  T Y P E  I 
$ L E A D 5  'JN5HIELDED 
-- - . - - - - - - --- - 

I 
P 

-f E R M I N A L  CONNECTIONS-  

T l J B t  T f P E  / NUMBER 

B . -  L E A D 5  6 c  8 I N D I C A T E D  B Y  D A R K E N E D .  
C I R C L E 5  ARE CUT O F F  N O  GREATER : 

T H A N  . O 2 O  PROTRUSION.  

- -- - - - - -1 

I REVISIONS 
- -- - - - - . . . . 

IR-EDRAWW. 
NOTE 'A" 4 D I M .  

I ~ / I ~ " A P P R O K  
(REIVIOVED. 

I DWG. REV.  P I C  TO 
A G R E E  1 



TECHNICAL INFORMATION 

SUBMINIATURE EIJZCTROMETER TRIODES QV293 
QV309 

-. 

- - -- 

Raytheon experimental types QV293 and QV309 are submin'ir- 
ture  triodes,featuring geometry changes from conventional 
design, with the objective of improvement of gr id current 
levels for use i n  electrometer c i rcu i t s ,  I n  these tubes 
the function by the control gr id and. anods,as these terms 
are normally used, i a  reversed; i,e, the  outer ro l id  ele- 
ment, normally the anede-plate, becomes tho control ele- 
ment, and the inner spiral ,  normally the  control grid, 
assumes the  function eP the anode e1ement, 

ELECTRICAL DATA 

INTER-WCTRODE CAPACITANCES 
< 

TYPE TYPE 
Qv293 - QV309 UNITS -- 

Capacitance, control element 
t o  anode e , , c e , b e , ~ r , , e ~ , . e ~ , , ,  3.1 

Capacitance, control element 
t o  filament . e , , , r . e , o e , , e e b e , o  1.4 

Capacitance, anode t o  filament , , 0.66 

Ei3CTRICA.L CHARACTERISTICS 

Filament Voltage . , . . e . . , , . e . . . , ,  1.1 1.1 
Filament Current . , , . , , , , . . r . ,  , . , 13.0 1 3 , O  
Anode Voltage . . , . , . . . , , , . , . , . , , , 4.0 9.0 
Control Voltage . . , , , , . . . . , , , , . . . -6,0 -2 5 
Anode Current . . , , . , , , . . , . . . , , . , . 150 400 
C o n t ~ o l  Electrode Current , , , , WO-a ~ 0 - 1 3  
Amplification Factor . , , . , , , . . . , . 0.30 0.75 
Trans conductance , . . , . , , . . , . , , , , . 60 150 

vol t s  
mA 
Vdc 
Bdc 
uAdc 
A 
-IH 

umho 

OBJECTIVE DATA 

These data ident i fg  par t icu lar  development designs; the 
types, including the type designations, are  subject t o  
change or abandonment, 

MECHANICAL DATA 

Envelope ..,. Special T3 
Glaa s 

-Base , . . . . . Button $8$0 
Mounting Posi t ion ,. Any 

0 
0 0 
0 Crl 
0\ P 

CU 

TlELMINAL CONNE CTTONS 

Lead 1 No connection 
Lead 2 No connection 
Load Q Filament posi- 

tiw 
Lo& 4 No connection 
Lead 5 Lnode 
Lead 6 Filament, nega- 

t i v e  
Lead 7 No connection 
Lead 8 No connection 
Top Cap Control ele- 

ment 

RAYTHEON COMPANY * 465 CENTRE STREET QUINCY, MASS, 02169 
1-20 
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Technical ' 
Information 

QV331 

MINIATURE 

- - 

T E C H N I C A L  
INFORMATION 

f E R V t C f  
- -  t 

PECHANICAL DATA 

Rzytheon Type QV331 is a cathode-type te t rode designed fo r  use 
a s  an electrometer tube, par t icu la r ly  a s  a high gain current 
amalifier  i n  applications where the  input s igna l  is of the 
order of micro-micro-ampems. A s  with other  tubes of t h i s  
class,  shielding from e l e c t r i c a l  and magnetic f i e ld s ,  a s  well 
a s  from a11 forms of radiant energy is reoomnended. Precau- 
t i ons  of clsanliness,  humidity and temperature control ,  espe- 
c i a l l y  of other components i n  t h e  c i r c u i t  such as the dielec- 
t r i c s  i n  the ex te r ior  portion of the  g r id  c i r cu i t ,  shoqld be 
r i g id ly  observed. 

i Envelope.. . . .TI;% Glass  
: Base., .7 Pin Miniature 

Button 
i Outline,. . .JEDEC ( 5-2 ) 
: Cathode....Coatod Uni- 

Potent ia l  
i Mounting Position, .Any 

i PHYSICAL DI~NSIONS 

ELECTRICAL DATA 

DIFECT INTERELECTRODE CAPACITANCES -. - - - .- - ------- Units 

Grid t o  Plate  
Input 
Output 

/ XTIIGS, - ABSOLUTE MAXIMUM VALUES - 
2.5 :IO% Volts 

12 Volts 
12 Volts 

0 to - 12 Volts 
216 Volts 
50 *ps 

Heater Voltage (AC o r  DC) 
Pla te  Voltage 
Screen Grid Voltage 
Control Grid Voltage 
Heater-Cathode Voltage 
Cathode Current 

BASING 

CHAR4 CTERISTI CS AND TYPICAL OPERATION --- 1 _ _ - - - -  

Heater Voltage 
Heater Current 
Plate  Voltage 
Grid No. 2 Voltage 
Grid No. 1 Voltage 
Plate Current 
Grid No. 2 Current 
Transconductance 
P la te  Resistance 
Amplification Factor ( t r iode)  
Grid Current, maximum 
Grid Current, nominal 

2.5 Volts 
0.2 Amps 

11.0 Volts 
11.0 Volts 
-2.2 Volts 

18 drips 
4 dmps 

40 umhos 
1 Megohn -- 

3 x $lit Amps 
1 x Anps 

: TEZMINAL COHNECTICii3 

: Pin Element . . . ...-. ~ - 

: 1 Grid No. L 
i 2 No Connect3 on 
i 3 Heater 
: 4 Heater. 

\ese data identi* a par t icu la r  developmental tube design,and i 5 Plate ' ,he type designation or  t he  descr ipt ive data  a r e  subject  t o  prL;te* 
i 6 Grid No. 2 

v.s.!%ange or  abandonment. i 7 Cathode ..........**................................................................................-..-.....-.-.........**...*-~~-~~~~~- .=------ 
RAYTHEON COMPANY. 465 Centre Street a Quincy 69, Massachusetts i b y  1366 h g c  1 or" 1 
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TENTATIVE DAT.'. 
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APPENDIX I1 

EXPERIMENTAL TESTS PERFORMED DURING THE PROGRAM 

Introduction 

The following i s  a summary of t e s t s  W-12 through W-109 and W-1 through W-3 
which were performed during this  contract,  A brief description of each t e s t ,  
i t s  purpose,  and the resul ts  obtained i s  included. If, i n  addition to the above 
information, significant data for  a specific t e s t  i s  tabulated in  Appendix 111, 
this fact will be noted by a single as te r i sk  beneath the t e s t  number. If graphs 
o r  curves a r e  found in Appendix 111 for  any given t e s t ,  this  fact will be signi- 
fied by a double a s t e r i sk  in  the same place. 

It should be noted that considerably m o r e  data on these tes t s  and graphs of 
pertinent information were  supplied in  the thirty-four (34) monthly repor ts  
that were  delivered on the contract.  

At the end of each tes t ,  the exhaust and aging schedules for  that tes t  will  be 
referenced by the notations EES.. . denoting the exhaust schedule, and EAS.. . 
the aging and stabilization schedule. Complete schedules referenced in  this 
manner  may be found in  Appendix IV. 

W -12 Dumet leads,  sealed in regular  CK587 envelopes composed of 
0120 lead g la s s ,  which were  subsequently evacuated and tipped 
off without a get ter .  

Purpose: To determine the magnitude and duration of the 
dielectric absorption cu r ren t  of the CK587 g lass  p r e s s  a s  
it affects drift  charac ter i s t ics  of the CK587 electrometer  
tube. 

Results:  A large portion of the ear ly  turn-on drift  in  electro- 
me te r  tubes does consis t  of dielectric absorption in the g lass  
p r e s s .  Upon the application of a voltage to  the leads in a p r e s s ,  
the resultant cu r ren t  is apparently composed of a displacement 
cu r ren t  due to capacitance ,- a cu r ren t  due to polarization of the 
glass  and a leakage cu r ren t  due to the insulation resis tance.  



W-12 
P 

(c ontd. ) 
The displacement cur rent  only las t s  for a very few minutes ,  
while the cur rent  due to polarization of the glass may  l a s t  for  
hours.  Therefore,  t rue leakage cur rent  can only be measured  
af ter  a long stabilization period. 

The data further indicated a need for  proper  annealing of the 
p r e s s  in order  to maintain high insulation resis tance between 
leads ,  and the prevention of external mechanical s t r e s s  on the 
leads or  p r e s s  in order  to prevent the generation of piezoelec- 
t r ic  charges in the glass  envelope. 

Standard CK587 structure with a gold plated control gr id  sub- 
stituted for the regular HB nickel grid. 

Purpose.: To determine the effect of a gold plated control gr id  
on tube charac ter i s t ics ,  total  observed grid cur rent  and the 
grid cur rent  crossover  voltage. 

Results: The data from this t e s t  was s imi lar  to  the control lo t ,  
having approximately the same total  grid cur rent  level and 
character is t ic  spread. One significant detail ,  which appeared 
to be the resul t  of a change i n  the tube element work functions 
due to  the gold plating, was the lowering of the gr id cur rent  
c rossover  voltage from -1.8 to about -1.6 volts. 
Processing:  EES-1, EAS-1. 

Standard CK587 structure with a platinum plated control  gr id.  

Purpose:  To determine the effect of a platinum plated control 
grid on tube charac ter i s t ics ,  total  observed grid cu r ren t ,  and 
the gr id cur rent  c rossover  voltage. 

Results:  The resul ts  f rom this group were  very much the same  
a s  those observed in  t e s t  W-13. However, a s t i l l  lower grid 
cur rent  crossover  voltage of -1.4 to -1.5 volts was obtained; 
indicating a further change in the tube element work functions. 
Processing:  EES-1, EAS-1. 

Standard CK587 structure processed without flashing ge t te rs .  

Purpose:  To determine the effect of a get ter  splash on tube 
insulation resis tance and on the level of the total observed 
control gr id current .  



W-15-1 Results:  Tes t  data shows that the tube insulation res i s tance  i s  

(contd.)  somewhat g rea t e r  with the unflashed ge t te r .  Total  control  gr id  - 

current was comparable to regular  tubes with flashed ge t te rs .  
The gain in the tota l  gr id  cu r r en t  level ,  which should have been 
realized f rom improved insulation res i s tance ,  appears  to have 
been offset by a somewhat higher gas cur ren t .  A slight i nc rease  
in the control  g r id  cu r r en t  c rossover  voltage led to the conclusion 
that flashing the get ter  changes the work function of the tube elements .  

W-15-2 Regular CK587 with the g lass  envelope c r imped in  on top of the 

mica  space r .  

Purpose:  Determine the effect of a ve ry  tight bulb to  mount f i t  on 
vibration induced noise output, and changes in  s ta t ic  charac te r i s t ics  
af ter  shock. 

Results:  A very  tight bulb to  mount f i t  el iminated the extremely 
high noise output spikes which a r e  normally  generated when the 
mount s laps  against  the bulb during vibration testing.  However, 
the overa l l  output level  was slightly higher than regular  tubes, 
having a f i r m  f i t  between the glass  envelope and m i c a  bumper  
points. Static charac te r i s t ic  s were  slightly m o r e  uniform i n  
tubes having the g lass  envelope c r imped in  against  the top m i c a  
space r s .  Process ing :  EES-1, EAS-1. 

W -16 Regular CK587 with an  additional m i c a  between the get ter  and the 
r e s t  of the mount to  s e rve  a s  a get ter  "splash shield". 

.L -8, ,,. ,,. Purpose:  Determine the effect of get ter  splash m i c a s .  

Results : When comparing these samples  with s tandard production 
tubes ,  there  was no observable change of insulation res i s tance  o r  
change in the level  of the total  control  g r id  c u r r e n t  o r  c ros sove r  
point. Therefore ,  i t  m a y  be concluded that  during the flashing of 
bar ium ge t te rs ,  vaporized bar ium t r ave l s  throughout the mount 
s t ruc ture  and deposits  on the tube elements .  These deposits m a y  
cause changes in  element work functions, which i n  t u rn  produce 
wide variations i n  tube charac te r i s t ics .  P roces s ins :  EES-1, EAS-1. 



Regular CK587 with a flashle s s zirconium aluminum bulk get ter .  

Purpose : To evaluate insulation resistance of tubes with flashless 
getters.  To observe the effect on the control grid cu r ren t  and the 
c rossover  voltage. To observe the effect of high temperature ther -  
m a l  steril ization on tube charac ter i s t ics  with this construction. 

Results: The insulation resis tance was measurably higher and the 
total observed gr id cur rent  was considerably lower than control 
tubes with barium flash type get ters .  Exposure to  a 150° centi-  
grade temperature for one hour resulted in  a ma jo r  reduction in 
tube character is t ics  for a l l  samples  tested. 
Processing:  EES-1, EAS-1. 

Mock-up samples with four leads sealed in the flat p r e s s  and one 
lead in the opposite end of the g lass  envelope, to duplicate double 
ended s tructures  such a s  the CK5889 and QV269. 

Purpose: To study the decay time of the dielectric absorption 
cur rent  with the control gr id lead located at the opposite end of 
the glass  envelope from the leads in the flat  p r e s s .  To evaluate 
the effect of an external s i lver  guard electrode applied to  the g lass  
envelope. 

Results: Data for this group indicated a somewhat fas te r  decay of 
the dielectric absorption cu r ren t ,  which also appears  to  be of l e s s e r  
magnitude than with the control grid lead in  the flat  p r e s s .  The ex- 
te rna l  bulb shield appeared to have little effect on the decay tirne 
of the dielectric absorption current .  

Regular CK587 with l e s s  m a s s  on the top filament tab. 

Purpose: To determine the effect of reducing the m a s s  of the fila- 
ment  tab in the finished tube. 

Results: An extremely wide spread in static charac ter i s t ics  was 
noted, which appeared to be the resu l t  of differences in fi lament 
temperature from tube to tube. Most of the samples had a very 
low filament resonant frequency while some appeared to have m o r e  
than one r e  sonant frequency point. The output, measured  while the 
filament was resonating, was not sinusoidal, denoting the presence  
of different harmonics . 

: EES-1, EAS-1. 



W-20 Regular CK587 with more  m a s s  on the top filament tab to ten- 
sioning spring support. 

.t, -,. Purpose: To determine the effect of increasing the m a s s  of the 

filament tab in the finished tube. 

Result: Both static character is t ics  and filament resonant f r e -  
quency resu l t s  were  much m o r e  uniform than those obtained in 
the previous tes t .  The level of the filament resonant frequency 
was also higher than resul ts  noted in the previous tes t s .  
Processing:  EES-1, EAS-1. 

W-21 Pre l iminary  samples  of the CK587 with the control gr id brought 
out at the opposite end f rom the glass  p r e s s .  

Purpose:  To determine the feasibility of producing this s t ructure.  

Result: Although comparable to the regular CK587 in other r e -  
spects ,  samples f rom this tes t  appeared to have a somewhat lower 
dielectric absorption current .  The developmental number QV269 
was assigned to this type. Later  commerc ia l  samples were  desig- - 
nated CK590. Processing:  EES-1, EAS-1. 

W-22 Regular CK587, except that a l l  pa r t s  except the filament a r e  gold 
plated. 

Purpose:  To determine the change in tube charac ter i s t ics  caused 
by gold plated elements on total observed gr id  cur rent .  

Result: The static character is t ics  were reasonably uniform but 
considerably lower than tubes made with standard pa r t s .  The 
total grid cu r ren t  observed was very high, which appeared to  be 
due to the diffusing of the gold over the mica  insulators ,  thus in- 
creasing the leakage between tube elements.  
Processing: 



W-23 Regular CK587 construction - modified to bring the control grid 
out a t  the end of the glass  envelope, opposite the flat  p r e s s  and 
having a l l  the tube elements except the filament gold plated, 

: The same a s  W-22 - with an additional study of the 
effect of the longer external leakage path to the control gr id on 
dielectric absorption current .  

Result: Same a s  W-22 - plus the resul ts  that the high leakage 
masked any effect that the longer external leakage paths may  
have had on the dielectric absorption current .  
Processing:  EES-1, EAS-1. 

W-24 Repeat of Tes t  W-13 with mounts sealed in longer bulbs. 

Purpose: This was an attempt to  increase the distance sepa- 
rating the mount containing a gold plated control gr id f rom the 
heat and possible contamination of the sealing-in f i res .  

Result: There was no apparent advantage gained f r o m  the use 
of a longer glass envelope. 
Processing:  EES-1, EAS-1. 

W-25 Repeat of Tes t  W14 with mounts sealed in  longer bulbs. 

Purpose: This was an attempt to evaluate an increase  in the 
distance separating the mount containing a platinum plated 
control gr id from the heat  and possible contamination due to 
the sealing-in f i res .  

Result: There  was no apparent advantage in  using a longer 
glass  envelope. 
Processing:  EES-1, EAS-1. 

CK5886 mounts with the filament supported a t  the ends only; 
not touching mica  spacers  a s  i s  the case  in regular production 
tubes. 

Purpose: To determine the total  control grid cur rent  level  and 
crossover  voltage for  this type of construction and to compare 
these with regular production tubes. 

II- 6 



W - 2 6  Rc\sult: Filament resonant frequencies for these tubes center  
(contd. ) around 3 KC which i s  about 2070 lower than regular production 

tubes, There was no appreciable change in control grid cu r ren t  
level or  c rossover  voltage from the values observed for standard 
tubes . 
Processing:  EES-3, EAS-2. 

W-27 Regular CK587 mount surrounded by an external me ta l  shield,  
with the entire assembly sealed in  a .690"  diameter glass en- 
velope. 

Purpose: To determine the effect on a l l  tube charac ter i s t ics  of 
a meta l  shield enclosing the mount s t ructure.  To study the level 
of total  control gr id cur rent  and the turn-on stabilization t ime.  

Result: Character is t ic  data was completed and the resul ts  were  
comparable to the regular CK587. The gr id cu r ren t  c rossover  
voltage was about -1.8 volts and the turn-on stabilization t ime 
was equivalent to  that of the regular  CK587. Samples were for -  
warded to G. S. F. C. for fur ther  evaluation. 
Processing:  EES-4, EAS-1. 

W-28 - Regular CK587 with tungsten-rhenium filament wire  and heavier 
than normal  filament tensioning springs . 
Purpose:  To determine the effect of heavier than normal  filament 
tensioning springs on tube stability and filament resonant frequen- 

cy. Also to  evaluate the effect on filament emission of 370 rhenium 
in the tungsten filament wire .  

Result: The tungsten-rhenium wire and heavier  filament spring 
have l i t t le effect on character is t ic  variations between tubes inthe 
same lot. However, for any given tube, they appear to decrease 
the magnitude of the changes from the original character is t ic  values, 
which normally take place during environmental testing. The fila- 
ment  resonant frequency was ra i sed  slightly to about 9 KC. The 
addition of 3% rhenium in the tungsten filament wire  lowered tube 
character is t ic  levels slightly, but this was cor rec ted  by the use of 
a different filament coating, identified a s  Raytheon formula 33-c - 334. 
Processing:  EES-1, EAS-3. 



Regular CK587 with the filament supported at  the ends only, 
and positioned so a s  not to touch the mica  spacers .  

Purpose: The same a s  Tes t  W-26. 

Results: The same a s  Tes t  W-26. 
Processing: EES-1, EAS-3. 

Regular QV269 (standard CK587 mount with the control grid 
lead brought out a t  the opposite end f rom the flat  p r e s s ) .  . . 
with an external s i lver  envelope shield terminated in  a ground 
lead in the flat p r e s s .  

Purpose: To evaluate the effect of an external envelope shield 
on the control gr id current .  To determine i f  this external  shield, 
when interposed between the control grid and other element con- 
nections, has  any effect on the dielectric absorption amplitude 
and duration. 

Results: After applying the external envelope shield,  it was 
necessary to  chemically clean and thoroughly wash both the 
p r e s s  and tip of the tube before electr ical  evaluation. There 
was no apparent difference in the duration and amplitude of the 
dielectric absorption, nor in the level of the total  control gr id 
cur rent  f rom that of the standard QV269. 
Processing:  EES-1, EAS-3. 

Tubes were  obtained f rom severa l  domestic and foreign manu- 
fac turers  and measured  f o r  operating charac ter i s t ics  a t  Raytheon. 
Samples and data were forwarded to G.S. F.C. for init ial  cur rent  
velocity tes t s .  

Purpose: To evaluate r eve r se  control grid cu r ren t  flowing a t  va r i -  
ous bias voltages applied to the control grid. This t e s t  was aimed 
at  a correlat ion of observed levels of control grid cu r ren t  to the 
initial velocity cur rent  in many tubes of different design and con- 
struction. 

Result: Pre l iminary  resu l t s  f rom G.S. F. C. did show a co r re l a -  
tion between control gr id  cur rent  and initial velocity cur rent .  
Specifically, tubes with high initial velocity cur rents  at  -2.0 volts 
control gr id bias also had high control grid cu r ren t s .  



W - 3 2  Pre l iminary  samples  of the QV29O ( regular  CK587 p a r t s  a s s e m -  
bled in a round mica  for sealing in  T 3  bulbs).  

Purpose :  To evaluate the feasibility of constructing this type  of 
mount,  and to study the possible advantages of ro l l  crimping the 
g lass  envelope against the top m i c a  s p a c e r .  

Results:  Mechanically the construction i s  feasible ,  but shock and 
vibration charac te r i s t ics  have not been determined because of dif- 
ficulties encountered electr ical ly .  Unknown var iables  apparently 
exist during the processing cycle which prevent  the production of 
uniform samples  for environmental tes t ing.  
Process ing :  EES-1, EAS-4 

W-33 Regular CK587 with uncoated tungsten fi lament w i re .  

Purpose :  To t e s t  the possibil i ty of a very  sma l l  tube with low 
voltages a s  an  ionization guage . 

Results:  Tubes were  fabricated and delivered to  G.S.  F. C.  for  
evaluation. Process ing :  EES-1, NONE. 

W-34 Regular CK587 complete tubes with envelope sealed in  an ex- 
te rna l  T5  112 envelope fitted with an  exhaust tubulation. 

Purpose :  To tes t  the effect of helium permeat ing the CK587 
g lass  envelope and entering the tube vacuum. 

Results:  Samples were  assembled and forwarded to  the Tech- 
nical  Officer a t  G.  S. F. C . for his evaluation. 
Process ing :  EES-1, EAS-3. 

W-35 Regular CK587 with gr id  numbers  one and two omitted. 

Purpose:  To study the tempera ture  gradient along the filament 
by the use of infrared rad iometers  and inf ra red  photographs. 



Resul t s :  P r e l im ina ry  r e su l t s  obtained a t  Raytheon with an  in f ra -  
red  rad iomete r  w e r e  comparat ive  only, a s  the  . O O l l '  d i ame te r  
filament w i r e  did not f i l l  the  . 060 " d iamete r  re t i c le .  However ,  
these  readings  we re  v e r y  valuable ,  a s  they did point out the v a r i -  
at ions which occur  along the f i lament w i r e  and f r o m  tube t o  tube.  
These  s amp le s  we re  then del ivered to G.S.  F . C .  f o r  fu r ther  
s tudies .  P roces s ing :  EES-1, NONE. 

This  t e s t  number  was  used  to identify a separa te  o r d e r  fo r  100 
QV269 tubes ,  which w e r e  del ivered to  G . S . F . C .  
Process ing :  EES-1, EAS-3. 

Regular CK5886 mount ,  except that  the  oxide coated tungsten 
fi lament was  rep laced  with an  oxide coated nickel  f i lament .  

Purpose :  Determine the effect of oxide coated nickel  f i lament  
c o r e  m e t a l  on con t ro l  g r i d  c ro s sove r  voltage.  

Result :  The hel ical  tungsten fi lament tensioning spr ing normal ly  
used for  the CK5886 construct ion exer ted too much  fo r ce  on the 
nickel f i laments ,  causing them all to b r e a k  during process ing .  
No fur ther  work w a s  at tempted on th is  approach.  
Process ing :  EES-2,  EAS-5. 

Regular CK5886, except fo r  the  u se  of a f l ash less  bulk ge t te r  

Purpose :  To de te rmine  the effect of f l a sh l e s s  ge t t e r s  on t he  
following p a r a m e t e r s :  con t ro l  g r id  cu r r en t ;  1/F noise spec t rum;  
control  g r i d  c u r r e n t  c r o s s o v e r  voltage; and con t ro l  g r i d  insula-  
tion r e s i s t ance .  

Resul ts :  To investigate the  1/ F noise s p e c t t u m ,  spot quiescent 
noise readings  w e r e  obtained a t  10 cyc les  and 1000 cyc les .  The 
tubes having f l ash less  ge t t e r s  appeared to  be  the  s a m e  for  th is  
p a r a m e t e r  a s  the con t ro l  tubes .  The con t ro l  g r id  c u r r e n t  was  
only slightly be t te r  than the g r id  c u r r e n t  of the  s tandard  tubes  
but the g r id  c u r r e n t  c r o s s o v e r  voltage was  shifted f r o m  the  nor -  
m a l  1. 6-1.8 volts t o  1 .8-1 .9  vol ts .  The insulation r e s i s t ance  
was  slightly bet ter  than for  s tandard t ubes ,  being i n  a l l  c a s e s  
g r e a t e r  than 2 . 0  x 10 ' ohms. 

: EES-3,  EAS-2. 



W-39 Nippoll E l ec t r i c ,  type 5886 s ample s ,  m e a s u r e d  for  c h a r a c t e r -  
i s t i c s  by Raytheon and re turned t o  G.S. F. C.  a s  p a r t  of the 
ini t ial  velocity c u r r e n t  t e s t  s e r i e s  noted under W-31. 

W - 4 0  Regular CK587, except fo r  a double carbonate  f i lament coating 
containing 9670 strontium carbonate  and 4% calc ium carbona te .  

Purpose :  To determine the effect of el iminating metal l ic  b a r i u m  
f rom the tube s t ruc ture .  To study t he  specific effect on tube 
cha rac t e r i s t i c s ,  to ta l  observed gr id  c u r r e n t  level ,  con t ro lg r id  
cur ren t  c ro s sove r  point, and long t e r m  dr i f t .  

Result :  Many tube process ing  schedules  w e r e  evaluated,  but 
without ba r ium in  the coating; the tube cha rac t e r i s t i c s  obtained 
were  much  lower  than s tandard CK587 sample s .  The to ta l  con-  
t r o l  g r id  c u r r e n t  level  was  ex t remely  low,  ( l e s s  than 1. 0 x 10- 15 

a m p e r e s )  probably due i n  p a r t  to the  low tube cha rac t e r i s t i c  
level .  The c r o s s o v e r  point was  about -1.6 vol ts ,  which i s  only 
slightly l e s s  than regular  CK587 sample s .  Because of the  low 
cha rac t e r i s t i c  level ,  samples  w e r e  not evaluated for  long t e r m  
dr i f t .  P roces s ing :  EES-1, EAS-6: 

W-41 Regular CK587, with a baked on Genera l  E l ec t r i c  "Dr i -F i lm"  
si l icone wate r  repellent  l ayer  applied t o  the  bulb. 

Purpose :  To evaluate a m o r e  durable  wa te r  repellent  sur face  
t reatment ,and i t s  effects on to ta l  observed  con t ro l  g r id  c u r r e n t .  
Also ,  t o  de te rmine  i t s  e lect ros ta t ic  cha rge  retention p r o p e r t i e s .  

Resul ts :  The gr id  c u r r e n t  l eve l  and con t ro l  g r id  insulation r e -  
s is tance w e r e  equivalent to  values  obtained fo r  tubes having 
c lean ,  uncoated g lass  envelopes.  The e lect ros ta t ic  cha rge  r e -  
tention p rope r t i e s  of bulbs having baked on Gene ra l  E l ec t r i c  
"Dr i -F i lm"  w e r e  be t te r  than those  obtained with other ch loro-  
si l icone coat ings ,  but showed no improvement  when compared  
to  c lean  untreated g lass  envelopes.  This  approach was  not 
pursued  fur ther  since i t  showed no advantage over  a c l ean  g l a s s  
bulb. P roces s ing :  EES-1, EAS-6 



Regular 6K587 with the glass  envelope drawn in against both top 
and bottom mica  spacers  pr ior  to  exhaust. 

: To evaluate the vibration induced noise response of 
tubes with ve ry  tight envelope to  mica  spacer  f i t .  

Results: The vibration induced noise level was higher for the 
tes t  than for the control.  Melting the glass  in against the top 
and bottom m i c a s  apparently locks the bulb tightly to themount,  
transmitting a grea ter  level of vibration to the individual tube 
element than occurs  when the tube s t ructure makes use of 
resil ient mica  bumper points only to  anchor the mount. 
Processing: EES-1, EAS-6. 

Regular CK587 without "Hot Shot" during filament activation 
process .  

Purpose: To determine the effects of the so  called "Hot Shot" 
during filament activation. The "Hot Shot" i s  a type of filament 
activation p rocess  in  which an AC voltage df approximately four 
(4)  t imes the normal  operating filament voltage i s  applied for a 
few seconds to severa l  minutes depending on the tube type. 

This i s  used to convert  the carbonates in the filament coating 
to oxides and perhaps produce a smal l  quantity of f r ee  barium 
metal .  During this processing s tep,  a smal l  amount of bar ium 
meta l  i s  vaporized onto the tube elements ,  changing the i r  work 
functions in an e r ra t i c  manner .  Processing is possible without 
the "Hot Shot I '  , but does require considerable t ime and additional 
effort. 

Results: Tube charac ter i s t ics  were  the same as those of the 
control tubes. The total  observed control grid cu r ren t  and cross-  
over voltage were  comparable to  regular CK587 samples .  However, 
af ter  thermal  steril ization, the charac ter i s t ics  of these tubes were  
changed l e s s  than the charac ter i s t ics  of any other fi lamentary 
tubes produced during the contract.  
Processing:  EES-1, EAS-7. 



W-44 Regular CK587, except the en t i r e  ge t te r  assembly  was  left out 

and the tubes  we re  p rocessed  a t  lower  than no rma l  t e m p e r a t u r e s .  

.,I .Ir Purpose:  To determine the effect  on control  g r id  c u r r e n t ,  con-  
t r o l  g r i d  cu r r en t  c ro s sove r  point ,  and control  g r id  insulation 
r e s i s t ance .  

Resul ts :  The control  gr id  c u r r e n t  c r o s s o v e r  point remained  the  
s ame  a s  the con t ro l ,  but the to ta l  g r i d  cu r r en t  level  was  m u c h  
higher than normal  due to the  high gas  content. After  subjecting 
the tubes  to  150° centigrade fo r  100 hours  the tubes  w e r e  dead;  
that  i s ,  pract ical ly  no emiss ion  c u r r e n t  could be  obtained f r o m  
the f i lament .  It i s  evident that  some  f o r m  of ge t t e r  i s  n e c e s s a r y  
in  g lass  envelope tubes to mainta in  adequate gas  clean-up a f t e r  
seal-off .  P rocess ing :  EES-1, EAS-7 

W -45 This  group of t e s t s  we re  designed to  gather information on a n  
W -46 exper imental  inverted t r iode .  These  t e s t s  we re  cancelled when 
W-47 samples  of German inver ted t r i o d e s ,  DC760 and DC762, w e r e  

received.  

W -48 Regular CK587 in Corning 0120 g l a s s  envelopes.  P r i o r  t o  u s e  
in f inal  a s sembl i e s ,  envelopes w e r e  baked for s ix teen hou r s  a t  
400° cent igrade and given a pos t  bake wash in  a 4yoKOH solu-  
t ion.  

.I, J, .,. .,. Purpose :  To determine if a s ixteen h o u r ,  400° cent igrade bulb 
bake with a post  bake wash  i n  KOH did,  i n  f ac t ,  remove contami-  
nants f r o m  the  g lass  envelopes which poisoned cathode emi s s ion  
during 150° cent igrade,  150 hour  s ter i l iza t ion t e s t s .  

Resul ts :  Total  control  g r id  c u r r e n t  and cha rac t e r i s t i c  l eve l s  
we re  v e r y  good p r i o r  t o  t h e r m a l  s ter i l iza t ion.  After  s t e r i l i z a -  
tion in t he  tube,  cha rac t e r i s t i c s  and con t ro l  g r id  c u r r e n t  showed 
some de te r io ra t ion ,  but did not fall a s  marked ly  a s  in  the  c a s e  
with the regu la r  product .  
P roces s ing :  EES-1, EAS-8 



Regular CK5886 mount with the top fi lament support  strengthened.  

Purpose :  This  was  an a t tempt  to reduce the amplitude of the f i la-  
ment  resonances  in the CK5886 s t ruc tu r e .  

Results  : Visual  observation of the f i lament and fi lament support  
while the s t ruc tu r e  was  being v ibra ted ,  indicated that  the ampli -  
tude of the  f i lament  resonances  w e r e  p rac t ica l ly  unchanged by 
th is  type of strengthening of the f i lament support .  
P roces s ing :  EES-3,  EAS-2 

Regular CK587 with RCA t r ip le  carbonate  f i lament  coating Ray- 
theon formula  33 -C-  334 on tungsten- rhenium f i lament  w i r e .  

Purpose  : To determine emiss ion  level  and s tabi l i ty  of the RCA 
coating on tungsten- rhenium fi lament w i r e .  T o  investigate the  
ability of tubes  containing th i s  type of f i lament t o  withstand 
t he rma l  s ter i l iza t ion 

Results  : Emiss ion  level  of tubes  containing these  f i laments  was 
adequate.  Higher than usual  g r id  c u r r e n t  read ings  fo r  some of 
these  tubes appeared  to be due to  leakage f r o m  other  c a u s e s ,  
which we re  not determined.  Tubes f r o m  this  t e s t  could not with- 
stand t h e r m a l  s ter i l iza t ion,  with a lmos t  complete l o s s  of e m i s -  
sion caused by the high t empera tu r e  s to rage .  
Process ing :  EES-1, EAS-8. 

W-51 CK587 mount with the con t ro l  g r id  replaced by an  open f r a m e  
type g r id  having an  ape r tu r e  ( .  025" x .16Orf) in  each  face plate 
ra ther  than the conventional g r id  w i r e  l a t e r a l s .  

.o, .*, ,,. ,,. Purpose :  To de te rmine  if a single ape r tu r e  i n  each  g r id  face  
plate, with dimensions  designed to  approximate  the  t u r n  to  t u rn  
spacing of the  r egu l a r  wound gr id  for  th i s  type ,  would provide a 
s t ruc ture  that  might  function a s  a control  g r id .  

Resul ts :  Tube cha rac t e r i s t i c s  w e r e  c o m p r a b l e  to those  of the 
regular  CK587 with a conventional wound gr id .  Vibration in- 
duced m i c  rophonic output did not appear  significantly be t te r  f o r  
this  s t r uc tu r e  when compared  with s tandard tubes .  



W-51 However,  the total control  gr id  cu r r en t  level  was significantly 
(contd. ) improved,  and the high gr id  cu r r en t  spikes which a r e  normally 

associated with turn-on were  eliminated - making possible much  
f a s t e r  stabilization when a tube i s  f i r s t  placed in operation.  It 

should be noted that th is  type of gr id  shifted the gr id  c u r r e n t  
c ros sove r  point to a higher voltage in the o rde r  of - 2 . 0  volts.  
Process ing :  EES-1, EAS-8 

W-52 This  t e s t  number was assigned to  all data taken by Machlett 
Laborator ies  on the studies of res idual  gas  in subminiature 
e lec t rometer  tubes.  

Purpose : To determine if any contaminants,  other than the wel l  
known g a s e s ,  were  contributing to  failure of emiss ion  of e lec t ro-  
m e t e r  tubes in  the 150° cent igrade,  150 hour steri l ization t e s t s .  

Results:  No new information was gained by this  t e s t .  It con- 
f i rmed that  which was a l ready known. 

W-53 Regular CK587 mounts ,  except platinum - 10% ir idium oxide 
coated cathodes.  

Pu rpose :  To compare emission level  and stability of platinurn- 
i r id ium filaments.  Determine i f  t he re  i s  any significant change 
in  the level  of the observed gr id  cu r r en t  o r  i t s  c ros sove r  point. 

Results : Although the hel ical  f i lament tensioning spring turned  
out t o  be  an unsatisfactory type of spring fo r  use  with th i s  r e l a -  
tively weak fi lament,  the following resu l t s  were  obtained before  
a l l  the fi laments broke during the processing cycle .  

The filament cu r r en t  for  the . 0009" diameter  platinum-iridium 
filament in the CK587 i s  approximately 40 mil l iarnpers  compared  
to  10 m a  for  the normal  tungsten fi lament.  The gr id  c u r r e n t  level  
i s  apparently l e s s  than 2 . 0  x 10-15 amperes  and the c ros sove r  
point i s  approximately -2 .1  volts b i a s .  Due to the fragil i ty of 
th i s  filament sys t em,  this  approach was not pursued fur ther .  
P roces s ing :  EES-5, EAS-9 

PI- 15 



W - 5 4  CK587 mounts  having regu la r  tungsten f i lament  wi re  with 
heavier  than n o r m a l  weight t r ip le  carbonate  coating. 

Pu rpose :  To de te rmine  the effect of an  i nc r ea sed  weight 
on the cha rac t e r i s t i c s  and gr id  c u r r e n t  l eve l s  of the tube.  

Results:  Tube cha rac t e r i s t i c  levels  w e r e  low and the 
control  g r id  c u r r e n t  level  was  re la t ively  high fo r  m o s t  
of the s amp le s  f r o m  this  t e s t .  However ,  s eve ra l  samples  
that  had good cha rac t e r i s t i c s  and a low l eve l  of g r id  c u r -  
ren t  we re  subjected to  t h e r m a l  s ter i l iza t ion.  None of the 
samples  survived.  P roces s ing :  EES-1, EAS-8 

W-55 Regular CK587 moun t s ,  except that  the  f i lament  coating 
contains 50% calc ium and 50% ba r ium.  

Pu rpose  : In the s tandard t r ip le  carbonate  coating,  ba r ium 
i s  evaporated preferent ia l ly  during tube l i fe ,  changing the  
work function of the f i lamentary cathode.  The work func- 
tion of the  bar ium-calc ium sys t em changes  by a v e r y  sma l l  
amount for  a v e r y  l a rge  change in  the r a t i o  of bar ium to 
calc ium.  The re fo re ,  i f  adequate emi s s ion  can  be obtained 
f r o m  th i s  coating,a reduction i n  overa l l  long t e r m  drif t  
should r e su l t  . 

Result :  Tube cha rac t e r i s t i c s  we re  a t  a low level ,  but com-  
parab le  with tubes  in  the con t ro l  t e s t  W-60 .  The good tubes  
produced w e r e  exposed to t he rma l  s te r i l i za t ion  and did not 
survive  the  150° cent igrade t empe ra tu r e .  Due to  th i s  fa i lu re  
and the  low cha rac t e r i s t i c  l eve l  of the remaining samples  i n  
the t e s t ,  d r i f t  measu remen t s  we re  not obtained. 
P roces s ing :  EES-1, EAS-8. 

W-56 Regular CK587, except f i laments  w e r e  coated with ba r ium-  
s t ront ium carbona tes .  

Pu rpose  : To de te rmine  long t e r m  dr i f t  cha rac t e r i s t i c ,  e m i s  - 
sion level ,  and effect on con t ro l  g r id  c u r r e n t  and c r o s s o v e r  
voltage. 



W-56 Resul ts :  The emiss ion  and con t ro l  g r id  c u r r e n t  levels  w e r e  quite 

(cont 'd)  low, but comparable  to  the con t ro l  t e s t  W-60, The con t ro l  g r i d  
c u r r e n t  c r o s s o v e r  voltages was  the s a m e  a s  that  of the r e g u l a r  
CK587 (approximately -1.8 vol ts  b i a s ) .  Long t e r m  dr i f t  was  not 
evaluated due to  the poor cha rac t e r i s t i c  levels  obtained i n  the  t e s t  
P roces s ing :  EES-1, EAS-8 

W-57 This  was  a 100 tube lot of type QV290,  essent ia l ly  the CK587pa r t s  

a s sembled  in  a new m i c a  fo r  u s e  i n  the  T-3 round bulb. 

Pu rpose :  To evaluate the CK587 tube design i n  a T-3 bulb which,  
hopefully, would be l e s s  microphonic than the  regu la r  CK587 in  a 
T-1 112 x 2 bulb. 

Resu l t s :  The g lass  envelope c a n  b e  softened and rolled i n  aga ins t  
the top m i c a  without mechanica l  difficulties. However,  a s  pointed 
out i n  t e s t  W-32, apparently t h e r e  a r e  unknown var iab les  which ex-  - - 

i s t  in  the  p rocess ing  cycle  - preventing the  production of good 
samples  using th is  type of const'ruction. 
P roces s ing :  EES-1, EAS-8. 

W-58 Large  a r e a  t r ip le  carbonate,  indirect ly  heated cathodes , sea l ed  in 
the  0120 g lass  envelopes u sed  f o r  tube type CK587. 

Pu rpose :  To provide l a r g e  a r e a  i n f r a r ed  sou rce s  fo r  i n f r a r e d  
rad iomete r  and in f ra red  f i lm cal ibra t ion.  These  sou rce s  a r e  to 
be used a s  compar i sons  t o  s tandard  e lec t romete r  tube f i l aments  

Resul ts :  Tubes  w e r e  forwarded t o  G.S. F . C .  
P roces s ing :  EES-6 ,  NONE. 

W-59 Regular production CK5886, except a baked-on si l icone wa te r  
repel lent  t rea tment  p r i o r  to  f inal  exhaust .  

P u r p o s e :  To compare  th i s  t r e a tmen t  with the  regu la r  reac t ive  
type si l icone wa te r  repel lent  t r e a tmen t .  

Resul ts :  This was  a repea t  of t e s t  W-42, except that  the  tube 
type CK5886 was  used  a s  the t e s t  vehicle r a the r  than  tube type 
CK587. The con t ro l  g r id  c u r r e n t  l eve l ,  control  g r id  insula t ion 
r e s i s t ance ,  and charge  re tent ion p rope r t i e s  we re  all good. 
Samples  were  forwarded to  G . S .  F. C .  Process ing :  EES-3 ,  EAS-2.  



W-60 A regular  lot  of CK587 tubes mounted and p roces sed  a t  the s a m e  

t ime a s  t e s t s  W-50, W-54, W-55, and W-56. 

Pu rpose :  To be used a s  a control  on the above noted t e s t s .  
P roces s ing :  EES-1, EAS-8 

W-61 Regular CK587,  except the number  one g r id  i s  of the wound f r a m e  

type construct ion.  

Purpose  : To  determine i f  the f r a m e  type construct ion will  r e su l t  
in be t te r  lo t  uniformity of tubes .  

Resul ts :  Tubes  have been tes ted  fo r  GM, pla te  and s c r e e n  c u r r e n t s ,  
and they show a distr ibution of cha rac t e r i s t i c s  near ly  the s a m e  a s  
with regu la r  production type wound g r i d s .  This  s e e m s  to  indicate 
that  the low T .  P. I. control  g r id  does not have a s  much  t o  do with 
the cha rac t e r i s t i c  distr ibution a s  does  the  s c r e e n  gr id .  
P roces s ing :  EES-1, EES-3,  EAS-8 

W-62 All data t aken  on s eve ra l  DC-760 and DC-762 German  inver ted 
t r iode e l ec t rome te r  tubes was col lected under th is  t e s t  number  

Pu rpose  : To br ing together sufficient data  f r o m  the  analysis  of 
the DC-760 and DC-762 to  p e r m i t  the manufacture  of s im i l a r  
samples  on t h i s  p r o g r a m  

W-63 Data taken on 200 CK587 tubes u sed  i n  p repar ing  the G. S. F . C .  
high re l iabi l i ty  specification for  e l ec t rome te r  tubes .  Tubes 

\1, 
,a- which conform to  th is  specification c a r r y  type number  8520. 

P roces s ing :  EES-7,  EAS-8 

W-64 QV290 mount  with Coors  c e r a m i c  s p a c e r s  i n  T - 3  g l a s s  bulbs ,  
using SAES, 8070 z i rconium - 2070 aluminum f lashles  s bulk 
ge t t e r s  . 

.0,.3, ,,. ,,. Purpose :  To obtain samples  of t h i s  const ruct ion for  150' cen t i -  
grade s te r i l i za t ion  evaluation. 



W-64 Results : Although charac te r i s t ic  levels were  only about one half 
(cont 'd)  that of regular  CK587 tubes ,  due probably to  cooling of the filament 

by the ce ramic  s p a c e r s ,  it was  possible to  obtain control  gr id  c u r -  
rent curves  before and af ter  t he rma l  s ter i l izat ion.  After t he rma i  
s ter i l izat ion,  leakage level improved noticeably. The cont ro l  grid 
c ros sove r  voltage remained virtually unchanged. 
Process ing :  EES-1, EAS-8 

W-65 GV290 mounts with mica  space r s  i n  me ta l  envelopes with ce ramic  
headers .  

Purpose :  To obtain samples  of this construction for  150° centigrade 
steri l ization evaluation. 

Results:  Purchased ce ramic  headers  were  not leak tight; therefore  
the tes t  was abandoned. 

W-66 GV29O mounts with ceramic  s p a c e r s  in me ta l  envelopes with c e r a -  
mic  headers  . 

Purpose :  To obtain tube samples  using a l l  me ta l  and ce ramic  p a r t s  
for  t he rma l  steri l ization t e s t s .  

Results:  Abandoned for  the s a m e  reason a s  W-65. 

W-67 Pre l iminary  samples  of tube type dV291 - an  all-metal  c e r a m i c  
e lec t rometer  tube. 

.%I ,,. Purpose :  To design,  cons t ruc t ,  and evaluate an  e lec t rometer  tube 

without mica  space r s  o r  ex te rna l  g lass  envelope. 

Results:  A method has  been devised to  allow the tube elements  t o  
be brazed to  the top internal ce ramic  spacer  without f i lament con- 
tamination; the design for  this  s t ruc ture  i s  complete .  A leak tight 
meta l -c  e r amic  header containing seven flexible nickel leads  has  
been produced. This header  has  been evaluated fo r  res i s tance  be-  
tween leads ,  before  and a f te r  exposure to  ambient t empera tu re s  
up to  500° cent igrade,  with sat isfactory r e su l t s .  Complete p r e -  
l iminary  samples  without ge t te rs  have been produced with a l l  
mechanical  construction problems overcome.  The re  i s  s t i l lmuch  
to be done to provide an  improved vacuum within the finished tube 
a s  well a s  bet ter  e lec t r ica l  cha rac t e r i s t i c s .  

EES-9,  EAS-14 



Pre l i n l i na ry  s amp le s  of tube type c l V L 9 L  

P u r p o s e :  To desigln, cons t ruc t ,  and evaluate a t r u e  pentode space  
charge  g r i d  e l e c t rome te r  tube i n  a T3  glass cnvclope.  

Resul ts :  The design of th i s  exper imenta l  tube type i s  comple te .  
F i r s t  s amp le s  have been produced and evaluated while operat ing 
with many  di f ferent  t e s t  vol tages  appl ied .  It i s  fel t  tha t  th i s  type 
of space  cha rge  e l ec t rome te r  tube could be  used  i n  a balance p a i r  
a r r angemen t  where  the plate c u r r e n t  of one tube i s  balanced with 
another tube by controll ing the  vol tages  applied to  the #3 g r i d s .  
However ,  un less  some applicat ion i s  found fo r  th i s  o r  a s i m i l a r  
type of tube which r equ i r e s  m o r e  definite p a r a m e t e r s ,  f u r t he r  
work probably  should not be  a t t empted .  
P roce s s ing :  EES-1, EAS-6. 

QV290 mounts  const ructed with half g r i d s  and having the pla te  
halves  brought  out separa te ly .  

Pu rpose  : To provide  a pu re ly  exper imenta l  s t ruc tu re ,  having two 
definitely d i f ferent  s ides ,  but both depending on the s a m e  f i lamen-  
t a r y  cathode f o r  the emiss ion  of e l e c t rons .  One s ide  was  t o  be  
regu la r  with a #1 and #2 g r i d  and the o ther  side w a s  to  have the  
l a t e r a l  t u r n s  of the #1 and #2 g r i d  removed .  Th is  s t r uc tu r e  would 
make i t  poss ib le  to  study m o r e  complete ly  such phenomena a s  
ini t ial  velocity c u r r e n t s .  

Resul ts :  Samples  we re  p roce s sed  and  fo rwarded  t o  G.S.  F . C .  
f o r  evaluation.  
P roce s s ing :  EES-1, EAS-6 

Regular  CK587, except  u se  .035"  - . 037"  O.D. s c r e e n  g r id  in  
p lace  of the  r egu l a r  .038"  - .040If  0. D.  s c r e e n  g r i d .  

Pu rpose :  Determine effect on cha rac t e r i s t i c  l eve l s  of a control led  
change i n  the s c r e e n  g r id  O.D. 

Result :  A considerably  higher  cha r ac t e r i s t i c  l eve l  was  noted fo r  
the change i n  the s c r e e n  g r i d  O.D. Th i s  demons t ra tes  the i m p o r -  
tance of the  s c r e e n  g r id  in  controll ing e l ec t rome te r  tube c h a r a c -  
t e r i s t i c s .  P roce s s ing :  EES-1, EAS-8 



W-71 CK587 with a wound #3 suppressor  grid in a T3 glass  envelope. 

Purpose: To evaluate a s tructure in which the filament and the 
suppressor grid form entirely separate c i rcui t s .  

Results: Basic charac ter i s t ics  were the same a s  the regular  
CK587. The grid current  level was very good with a crossover  
voltage of about -1.8 volts bias.  Stabilization t ime was not im-  
proved and like the CK587, these tubes could not withstand thermal  
sterilization. Samples were forwarded to G. S. F. C . 
Processing: EES-1, EAS-8 

Regular CK587, except filament shortened and nickel filament 
tabs positioned against the mica  top and bottom. 

Purpose : To determine the effect of eliminating contact between 
the filament wire and the mica  spacers .  Specifically, to  determine 
how this type of construction effects character is t ic  spread for a 
given sample - on/off character is t ic  repeatability and filament 
resonance. 

Results: When comparing the character is t ic  levels of tubes within 
this t e s t ,  a wide spread was sti l l  noted between the values for  in- 
dividual tubes.  The filaments exhibited many harmonics with a 
resonant frequency slightly lower than that observed for regular  
samples of tube type CK587. 

Individual tubes from this t e s t  exhibited large changes in charac-  
te r i s t ics  when tapped while in  operation, a s  opposed to ve ryminor  
changes for  control tubes which were treated in  the same manner .  
This construction thus appears  to be inferior to  the regularproduct .  
Processing: EES-1, EAS-8 

W-73 Regular CK587 assembled in a T3 glass  envelope. Envelope to be 
coated internally with a metallic film which, in  tu rn ,  i s  grounded 
through an  external lead. 

Purpose: To investigate the effect of internal bulb charge on tube 
performance 

Result: Not completed. The tes t  was by-passed in favor of other 
m o r e  important tes t s .  



W - 7 4  Rc.gular CK587, except use special  U-Bar for  filament spring 
support .  

Purpose :  This was a11 attempt to  procure  a U-Bar which would 
position the filament spring so that the spr ing a r m  could be a s -  
serrlbled to the filament tab ,  using a jig designed to provide the 
same tension on al l  the fi laments of any given sample .  

Results:  U-Bars  were  designed and samples  obtained but th i s  
approach was unsuccessful.  The displaced me ta l  used for a 
spring stop could not be controlled adequately and the spring 
became bound, causing a grea t  variation in filament tension 
between tubes .  

W-75 QV292 samples  a s  in  W-68 except plate halves were  located 
approximately .030 " c lose r  to  the f i lamentary cathode. 

.a, ,,. Purpose :  To provide a space charge  gr id  pentode with a higher 
charac te r i s t ic  level than the pre l iminary  samples  produced i n  
Tes t  W-68. 

Resul ts :  The plate and GM1 levels were  considerably higher for  
these tubes cornlared to  tubes f r o m  Tes t  W-68. The grid c u r r e n t  
level for  th i s  t e s t  remained a s  good a s  the satisfactory level  ex-  
per ienced with the pre l iminary  samples  of Tes t  W-68. 
Process ing :  EES-1, EAS-6. 

W-76 P re l imina ry  samples  of expe r imental  type QV293.  

.t, ,,. Purpose :  To design and produce physical  samples  s imi la r  to  the  
German inverted tr iode DC760. To evaluate these samples  and ,  
if possible ,  make the neces sa ry  changes in  o rde r  to  obtain equiva- 
lent e lec t r ica l  charac te r i s t ics .  

Results:  The design i s  complete and physical  samples  were  p r o -  
duced. The charac te r i s t ic  level  i s  somewhat lower than the 
German prototype; but i t  i s  felt that  a sl ight increase  in the dia-  
m e t e r  of the control  element will c o r r e c t  this..  
Process ing :  EES-10, EAS-10 



Pre l iminary  samples  of experimental  type QV309, which i s  
designed to be s imi l a r  to  the German inverted t r iode DC762. 

Purpose : The same  a s  Tes t  W-76. 

Results:  The same  a s  Tes t  W-76 
Process ing :  EES-10, EAS-11. 

Repeat of Tes t  W-51. CK587 mounts with thecont ro l  g r ids  replaced 
by an open f r ame  type gr id  having a nar row aper ture  ( .  025 " x  ,160") 
ill each face plate r a the r  than the conventional g r id  w i re  l a t e r a l s .  

Purpose : This was  an  attempt to  repeat  the resu l t s  obtained i n  
Tes t  W- 51 and provide additional samples  for  exper imental  tes t ing.  

Results:  Although some samples  were  obtained with good cha rac -  
t e r i s t i c s  it was felt that the r e s t  of the samples  produced became 
contaminated during process ing ,  reducing the charac te r i s t ic  level.  
Good tubes which were  evaluated for gr id  cu r r en t  level and c r o s s -  
over point produced r e su l t s  which were  identical with those obtained 
in Tes t  W-51. Process ing :  EES-1, EAS-8. 

The same a s  the previous t e s t ,  except aper ture  s ize  was  reduced 
f rom .025" x .160" to  .015" x .160 'I. 

Purpose :  To evaluate an  open f r ame  gr id  which might be  expected 
to have m o r e  control  of the e lectron flow f rom the fi lament t o  the 
plate.  

Results:  Very poor .  The nar row aper ture  so near ly  cut the  plate 
cu r r en t  off that a sat isfactory se t  of voltages for  operation could 
not be found. Processing;: EES-1, EAS-8. 

Regular CK587 with the s a m e  type of open f r ame  control  g r id ,  but 
with the aper ture  s ize  increased  to .035" x .160". 

Purpose : To evaluate the effect of a l a r g e r  aper ture  on tube 
charac te r i s t ics  and behavior.  

Results:  The l a r g e r  ape r tu re  was responsible f o r  a much higher  
charac te r i s t ic  level  while maintaining a l l  the good fea tures  of 
previous experiments .  The total  control  gr id  c u r r e n t  level  was 
very  low combined with quick stabilization through the elimination 
of high gr id  cu r r en t  peaks a t  turn-on.  : EES-1, EAS-8. 



W-81 Thermal  steril ization data for  the Victoreen 5800 and Mullard 
ME 1403 was collected under this  number.  

Purpose:  To have the thermal  steril ization data for these types 
readily available for comparison with s imilar  data for tube types 
developed on the contract.  

W-82 A special  QV290 structure having a wound #3 gr id and two filaments 
which could be operated individually. 

Purpose:  To determine the effect on charac ter i s t ics  and total  ob- 
served control grid cur rent  of a s t ructure having two filaments 
operating independently with applied filament potentials of r e v e r s e  
polarity.  

Results:  It was determined that with each change in the polarity 
of one filament voltage, with respect  to the other ,  significant 
changes took place in the total  observed control grid c-ilrrent and 
tube charac ter i s t ics .  Processing:  EES-1, EAS-8. 

W-83 QV29l mounts sealed in T3 glass  envelopes. 

Purpose:  This was an attempt to  produce QVZ91 samples in g lass  
envelopes to evaluate processing techniques before using m e t a l  
envelopes and ceramic headers  in  the final samples .  

Results:  Character is t ic  levels were  low; apparently caused by 
excessive filament cooling by the ceramic  space r s .  These r e -  
sults prompted a l a t e r ,  m o r e  successful t e s t  (see W-105) in  which 
the ceramic  spacers  were  thinned to a few thousandths of an  inch 
in the a r e a  where they make contact with the filament. 
Process ing:  EES-1, EAS-8. 

W-84 QVZ9l samples  with the filament suspended so  that it does not 
make contact with the ceramic  space r s .  The final assembl ies  
were  sealed in T3 glass  envelopes. 

Purpose : To evaluate samples without filament cooling f rom the 
ceramic  space r s .  

Results : The anticipated higher chara.cteristic levels were  not 
attained, indicating the harmful  effect of variables other than the 
filament tempera ture .  Processing:  EES-1, EAS-8. 



W-85 Regular QV29O samples .  

Purpose: To evaluate the effect on tube character is t ic  levels 
of mount washing and rolling the glass  envelope in  against the 
top micas .  

Results: The resu l t s  obtained f rom the multivariable experi-  
ments seem to indicate that mount washing o r  bulb cr imping,  
a s  such, a r e  not the singular reasons for poor emission with 
this type of s t ruc ture .  An unknown variable may  exist  in the 
processing cycle used with this  type of s t ruc ture ,  that ult ima- 
tely causes poor resul ts  in  the finished product. 
Processing:  EES-1, EAS-8. 

W-86 Prel iminary samples of tube type QV331. A cathode electro-  
me te r  tube s imilar  to the 7851, but having an improved grid 
current  level.  

Purpose:  To design and produce a cathode electrometer  tube 
for use in  applications in  which conservation of heater  power 
i s  not a pr ime requirement .  

Results: The design work ,  a n  experimental pa r t s  l i s t ,  and 
drawings were  completed for this type. A seven pin single 
ended tube was produced with quite satisfactory r e su l t s .  
Typical charac ter i s t ics  and operation include a triode ampli-  
fication factor  of 4 ,  a plate cu r ren t  of 18 mic roamperes ,  a 
transconductance of 40 micro-mhos ,  and a grid cu r ren t  of 
l e s s  than 3 .0  x 10-14 amperes .  Processing:  EES-8, EAS-13. 

W-87 Regular CK587 samples  with a l l  the meta l  p a r t s  cleaned and 
fired under laboratory conditions. A new spool of tungsten 
wire  was a l so  etched and coated in the laboratory for  this t e s t .  

Purpose: This was an attempt to isolate the possible cause o r  
causes of low emission experienced during this per iod.  

Results: After the tubes were  sealed-in,  the lot was  split into 
two p a r t s .  One-half of the tubes were  processed on the regular  
trolley, while the remaining half were  processed on the Varian- 
Vac -Ion ul t ra  high vacuum system. The resu l t s  were  the same 
for both exhaust sys tems.  Character is t ics  for  tubes throughout 
the entire lot were ,  on the whole, poor - with the wide range of 
values indicating that emi  s sion problems sti l l  existed. 

: EES-1, EAS-8. 



Regular CK5886, except open f r ame  type of control  gr id .  Aperture  
s ize :  .035" x .320". 

Purpose :  To evaluate the open f r ame  type of control  gr id  in  a type 
other than the CK587. 

Results:  This tes t  confirmed the r e su l t s  obtained with this  type of 
control  g r id  in  the CK587. See Tes t  W-80. Higher pentode plate  
and s c r e e n  c u r r e n t s ,  a s  well  a s  higher transconductance resul ts ,  
were  obtained. As noted with the CK587, the g r id  cu r r en t  l eve l  
in the CK5886 was considerably lower than for prototypes with wound 
control  g r id s .  Due to  the elimination of high gr id  cu r r en t  peaks  a t  - 

turn-on,  stabilization t ime  was a l so  improved. 
Process ing :  EES-3,  EAS-2 

Type QV293 - an  inverted t r iode with regular  77 T .  P . I .  anode, and 
the control  element I .  D, increased  f r o m  .040" to  .045".  

Purpose :  To r a i s e  the charac te r i s t ic  l eve ls .  

Results:  Although slightly higher charac te r i s t ic  levels were  obtained 
with this  construction they were  s t i l l  not a s  high a s  des i red .  Results 
f r o m  this  t e s t  indicate that another t e s t  should be run with an  anode 
having a higher T . P . I . ,  in  addition to  the l a r g e r  I.D. cont ro le lement  
t r i ed  in th i s  t e s t .  See Tes t  W-104. 
Process ing :  EES-10, EAS-10. 

Type QV292, a space charge gr id  pentode with a 62 T . P. I .  control  
gr id  in p lace  of the original  52 T .  P. I .  control  g r id .  

Purpose :  To r a i s e  charac te r i s t ic  l eve ls .  

Resul ts :  This  attempt was unsuccessful .  It i s  fe l t  that  p roblems 
associated with the processing of T 3  e l ec t rome te r s  effected the 
resu l t s  of this  t e s t ,  but insufficient t ime  was  available to  repea t  
the tes t  before the end of the cont rac t .  
Process ing :  EES-1, EAS-10. 



W-91 Regular CK587 samples  assembled in the regular  production 

mount a r e a .  

Purpose:  To eliminate the clean a i r  conditioned a r e a  a s  a possible 
source of contamination by assembling a t e s t  sample in the regular  
production a r e a  for evaluation and comparison with tubes made in 
the special a r e a .  

Results: The assembly a r e a  apparently had nothing to do with the 
poor resul ts  experienced with severa l  previous tests; a s  the resu l t s  
of tubes made in both a r e a s  were equally poor .  
Processing:  EES-1, EAS-8. 

W-92 Regular production CK587 samples .  

Purpose:  To investigate the effect on emission of prolonged s torage 
between mount washing and final processing . 

Results: Storage af ter  washing apparently had li t t le effect on the 
emission level.  Tubes made in Apri l ,  washed in  May, and processed 
in November of 1965, were  for  the most  p a r t ,  ve ry  good tubes.  
Processing:  EES-1, EES-11, EAS-8. 

W-93 CK587 - A controlled t e s t  on filament manufacture.  

Purpose:  The most  delicate tube p a r t  operation, and the one with a 
number of possible var iab les ,  i s  the filament etching and coating 
p rocess .  To eliminate the filament made on cu r ren t  facil i t ies a s  
a possible source of low emission,  filaments which were  made on 
previous facil i t ies and which produced good tubes were  placed in 
cur rent  mounts and evaluated. This t e s t  did not show an improved 
character is t ic  level. 
Processing:  EES-1, EAS-8. 



Type CK587, all p a r t s  made  on c u r r e n t  p r o g r a m  faci l i t ies  

Pu rpose :  Control for  Tes t  W-93. 

Resu l t s :  Both t e s t s  W-93 and W-94 had v e r y  low cha rac t e r i s t i c  
l eve l s ,  a s  W-93 contained known good fi lament these  t e s t s  s e e m  
to  el iminate the f i lament a s  the  var iable  causing low emis s ion .  
P roces s ing :  EES-1, EAS-8. 

CK548 sample s  containing CK587 f i l aments .  A CK548 i s  a r egu l a r  
production f i lamentary tube with a s i m i l a r ,  but slightly longer  con-  
s t ruc t ion  than the  CK587. 

Pu rpose :  To evaluate CK587 f i laments  i n  a s i m i l a r  tube type which 
w a s  running well  in  regu la r  production.  

Resul ts :  The CK587 f i lament  i n  the  CK548 s t ruc tu r e  did p roduce  
good CK548 samples .  The f i lament  i t se l f  i s  apparent ly  good. 
P roces s ing :  EES-1, EAS-8. 

Regular CK587 mounts containing CK548 f i laments  cut to  length.  

Pu rpose :  This  was  another a t t empt  t o  e l iminate  the  f i lament as 
the  cause  of low emiss ion  i n  CK587 and QV290 t e s t s .  

Resu l t s :  The CK548 f i lament  did not make  good CK587 tubes .  Th i s  
conf i rmed the  r e su l t s  obtained i n  T e s t s  W-93 and W-94. The f i lament  
does  not appear  to  be the  var iab le  causing low emis s ion  p r o b l e m s  i n  
tube types  CK587 and QV290. 
P roces s ing :  EES-1, EAS-8. 

CK587 mounts  - assembled  f r o m  p a r t s  that  w e r e  c leaned under  
l abora tory  conditions and sea led  i n  long 'glass envelopes.  

P u r p o s e :  To  assemble  mounts  f r o m  p a r t s  having a spec ia l  c leaning,  
and to  s e a l  the  units  a s  f a r  f r o m  the  seal ing- in  f i r e s  a s  poss ib le  i n  
o r d e r  to  avoid any chance of contamination f r o m  th i s  sou rce .  

Resu l t s :  This  t e s t  did not provide a n  answer  t o  the  contamination 
p rob l em.  The r e su l t s  w e r e  v e r y  p o o r .  



W-98 Regular CK587 units with the grids cleaned by an al ternatemethod.  
Filament,  spool #22-2-A. 

: To evaluate a method of cleaning the grids, which does 
not involve production methods or  equipment. To determine i f  
contaminated gr ids  contribute to poor character is t ic  levels .  

Results: Although the character is t ic  levels for  W-98 and W-99 were  
both low, the t e s t  having gr ids  which were  cleaned by an al ternate  
method had a lower level than the tes t  containing regular production 
cleaned gr ids .  
Processing:  EES-1, EAS-8. 

W-99 Regular CK587 units with production cleaned gr ids  and filament 
spool #22-2-A. Control for Tes t  W-98. 

Purpose:  To compare gr ids  cleaned by an al ternate  method with 
regular production cleaned gr ids .  

Results: Although this control t e s t  did not provide an answer to 
the contamination problem, i t  did seem to indicate that the produc - 
tion method of cleaning the gr ids  was superior to  the al ternate  
method t r ied .  
Processing:  EES-1, EAS-8. 

W-100 Regular CK587 using filament spool #72-1-C which was processed  
on cur rent  facil i t ies.  

Purpose : To compare resul ts  obtained with a spool of filament wire  
processed on present  facilities with one processed  a t  a previous 
t ime.  (See test  W-101 for control. .) 

Results: The resu l t s  of this  t e s t ,  and a repeat of this  tes t  two 
weeks l a t e r ,  were  very  good. Since both lots W-100 and W-101 
were randomized and processed simultaneously, the conclusion 
can be drawn that some lots of filament wire  a r e  m o r e  susceptible 
than others to the processing variables  affecting the emission level 
of the finished tube. 
Processing:  EES-1, EAS-8. 



Regular CK587, using fi lament f r o m  spool #22-2-A which had been 
processed  on previous  faci l i t ies .  

Pu rpose :  This  i s  the con t ro l  for  t e s t  W-100. 

Resul ts :  Charac te r i s t i c  l eve l s  w e r e  not a s  sa t is factory a s  those  
obtained in  t e s t  W-100 which made u s e  of f i laments  f r o m  spool 
#72-1-C. P roces s ing :  EES-1, EAS-8. 

W-102 Regular samples  of the  cathode e l ec t rome te r  tube type QV331. 

Pu rpose :  To investigate the effect of lower cathode d r a in  during 
the p rocess ing  cycle .  

Results:  Charac te r i s t i c  and g r id  c u r r e n t  levels  w e r e  v e r y  good, 
and the  tubes appeared t o  be slightly m o r e  stable than the  p r e  - 
l iminary  samples .  P roces s ing :  EES-8 ,  EAS-13 

W-103 QV290 sample s  (CK587 in  a T 3  bulb),  a ssembled  with f i l aments  
f r o m  the  f i lament spool used successful ly  i n  t e s t  W-100. 

Pu rpose :  This  was  an  a t tempt  to produce good QV290 sample s  
using f i laments  f r o m  a spool which produced good CK587 tubes .  
Samples  w e r e  fabr ica ted  and finished with regu la r  bulbs and 
with bulbs c r imped  i n  against  the  top m i c a  s p a c e r ,  to  de te rmine  
if the cr imping operation might be a n  additional source  of t roub le  
in  producing good QVZ90 sample s .  

Resul ts :  Charac te r i s t i c  l eve l s  for  the  uncr imped tubes  w e r e  v e r y  
good, but the  levels  fo r  the  c r imped  vers ion  w e r e  quite bad .  It 
appea r s  that  the  cr imping operat ion,  which adds a significant 
amount of heat  t o  the  bulb,  in t roduces  additional harmfu l  effects 
P roces s ing :  EES-1, EAS-8. 



W -104 Inverted triode type QV293 samples with an 87 T .P. I. anode in 

place of the regular 77 T . P . I .  anode. Samples were  constructed 
with a rectangular control element of .045" I. D. and with an  oval 
control element of . 040" I. D. 

Purpose: To investigate the effect of increasing the T .P. I. of the 
anode and using different diameter control elements on tube charac-  
te r i s t ic  levels .  

Results: Samples containing the higher T .P. I. of the anode and 
.045 I. D. rectangular control elements produced the most  sa t i s  - 
factory inverted t r iodes produced during the contract .  The resu l t s  
seem to indicate a further slight increase in  the I. D, of the control 
element will produce the desired character is t ic  level.  
Processing:  EES-10, EAS-10. 

W-105 QV291 samples  in glass  envelopes with the thickness of each ceramic  

spacer  reduced to a few thousandths a t  the point of contact with the 
filament. 

Purpose:  To obtain samples for  comparison with complete meta l -  
ceramic QV291 samples .  

Results: Several  good samples were  obtained which could be used 
a s  control tubes for future metal-ceramic samples .  
Processing:  EES-1, EAS-8. 

W-106 Regular QV331 samples  with the cathode coating weight increased 
from .95  - . 9 9  m g s  to 1.15 - 1.25 m g s .  

J, ,,- Purpose:  To ra i se  the overall  charac ter i s t ics  slightly. 
-8 ,  -9, ,,. ',. 

Results: Tube character is t ic  levels were  successfully ra i sed  to 
the values now appearing in the data sheet contained in this repor t .  
Processing:  EES-8, EAS-13 

W-107 QVZ9O samples  for  processing t e s t s .  

Purpose:  Attempts,  through processing variat ions,  to  produce 
good QV290 samples with the envelope glass  softened and rolled 
in against the top mica  spacers .  



W-109 Results:  In spite of a l l  efforts expended to date ,  t he re  a r e  s t i l l  
(c ont 'd)  var iables  connected with this par t icu la r  p roces s  which a r e  not 

controlled.  This t e s t  emphasized the fact that  by taking a l l  known 
precautions during fabrication and processing it i s  possibie to  
produce good tubes in T 3  bulbs without crimping on one day, but 
on another ,  the s ame  precautions and se t  up may fai l  t o  produce 
a single good tube.  
Process ing :  EES-1, EAS-8. 

QV331 samples  with the #2 s t em pin welded to  the bottom shield.  

Purpose :  To  evaluate tubes having the #2 s t em pin welded to  the 
bottom shield for additional mechanical  support .  

Results:  The s t ruc ture  was m o r e  rugged which was par t icu la r ly  
valuable during inser t ion of the mounts into the bulbs.  The c h a r -  
acter is t ic  levels were  equivalent t o  tubes made without the #2 
s t em pin welded to the shield.  These samples  a r e  available for  
evaluation in  t e s t  equipment, but i t  mus t  be remembered  that  the 
#2 lead i s  now a t  cathode potential ,  ra ther  than floating a s  in  
previous samples .  
Processing:  EES-8, EAS-13 

Regular CK587, except both the control  and s c r e e n  gr id  were  of 
the open f r ame  construction.  

Purpose :  To evaluate the open f r ame  type of gr id  when used  a s  
a s c reen  gr id .  

Results:  The basic design employed, in  which the s c r e e n  gr id  
aper ture  was  l a r g e r  than that  of the control  gr id ,  appears  to  be 
undesirable.  Future  t e s t s  should investigate the possibil i ty of 
using a s c r e e n  gr id  with an  ape r tu re  which i s  nar rower  than that  
of the control  gr id  i n  o r d e r  to  i nc rease  the effectiveness of the 
accelerat ing field produced by this  type of s c reen  gr id .  
Process ing :  EES-7,  EAS-8. 



W-1 P re l im ina ry  samples  of a shor tened CK587 with f i lament d r a in  r e -  
duced f r o m  0.010 a m p e r e s  to 0 .  005 a m p e r e s .  

Pu rpose :  T o  design,  cons t ruc t ,  and evaluate a sho r t e r  length low 
dra in  ve r s ion  of e lec t romete r  tube type CK587. This  shor tened 
vers ion  was ass igned the exper imental  type number  QV271. 

Results  : Feasibi l i ty  of th i s  design w a s  demons t ra ted  and s ample s  
we re  produced.  
P roces s ing :  EES-12, EAS-15. 

W-2 QV271 sample s  with 10 mi l l i ampe re  CK587 tungsten- rhenium 
f i laments .  

Pu rpose :  T o  evaluate samples  for  cha rac t e r i s t i c s  and fi lament 
resonance with t en  mi l l i ampere  f i lament w i r e  i n  the  shor t  QV271 
s t ruc ture  . 

Results:  Cha rac t e r i s t i c s  and gr id  c u r r e n t  w e r e  comparab le  to  
regu la r  CK587 tubes  . The fi lament c u r r e n t  was  approximately 
11. 5 ma and the f i lament  resonance was  r a i s ed  f r o m  approxi-  
mate ly  7500 Her tz  fo r  the re.gular CK587 to approximately  
12000 Her t z  fo r  th is  vers ion  of the QV271. 
Process ing :  EES-13, EAS-15. 

W-3 QV271 sample s  with 5 .0  mi l l i ampe re  tungsten- rhenium f i l aments .  

Pu rpose :  To  evaluate QV271 samples  with a s t ronger  5 mi l l i ampe re  
f i lament m a t e r i a l .  

Results  : Although the re  w e r e  quite a few sample s  with pentode 
cha rac t e r i s t i c s  comparable  to  the  regu la r  CK587, the  overa l l  
level  was  on the  low s ide .  Subsequent t e s t s  with tungsten-rhenium 
wire  i n  the CK587 indicated that  a higher cha rac t e r i s t i c  l eve l  could 
be expected using a n  improved fi lament coating.  
P roces s ing :  EES-12, EAS-15. 
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T e s t  W-13 Tube type CK587 with gold pla ted #1 g r id .  

Ib,  Ic2,  Ic l  v e r s u s  Eel c u r v e s .  

T e s t  W-14 Tube type CK587 with plat inum plated #1 gr id  
$ 9  I c2 ,  I c l  v e r s u s  Eel cu rves .  

T e s t  W-16 Tube Type CK587 with added m i c a  ge t te r  sp lash  shield.  
Ib ,  Ic2,  I c l  v e r s u s  Eel c u r v e s .  

T e s t  W-17 Tube type CK587 with f l ash less  bulk g e t t e r s .  

Ib,  Ic2,  I c l  v e r s u s  Eel c u r v e s .  

T e s t  W-19 Tube type CK587 with l e s s  m a s s  top f i lament  t ab .  
Fi lament  resonance  and Ib ,  Ic2,  GM1 cha rac t e r i s t i c  data .  

T e s t  W-20 Tube type CK587 with m o r e  m a s s  top f i lament  t ab .  
Fi lament  resonance  and Ib,  Ic2,  GM1 cha rac t e r i s t i c  data .  

T e s t  W-26 Tube type CK5886 with f i lament not touching s p a c e r s .  
Fi lament  resonance  and I f ,  Ib ,  Icl cha rac t e r i s t i c  data .  

T e s t  W-29 Tube type CK587 with f i lament not touching s p a c e r s .  

I f ,  Ib ,  I C Z ,  Ic l  cha rac t e r i s t i c  data .  

T e s t  W-38 Tube type CK5886 with f l ash less  bulk g e t t e r s  and control .  
Data on quiescent  noise  and pla te  c u r r e n t  var ia t ions  with 
mechanica l  and e l ec t r i c a l  cycling.  

T e s t  W-43 Tube type CK587 aged without a "Hot Shot". Ib ,  Ic2,  Icl  
v e r s u s  Ec l  cu rves  before  and af ter  100 hour  s to rage  a t  
150° cent igrade.  

T e s t  W-44 Tube type CK587 constructed without g e t t e r s .  Ib ,  I C Z ,  Ic l  
ve r sus  Eel c u r v e s  before  and af ter  100 hour s to rage  a t  
150' cent igrade 

T e s t  W-48 Tube type CK587 having bulbs baked a t  400° cent igrade 
followed by a KOH wash .  Ib ,  ICZ,  Icl v e r s u s  EC1 cu rves  
before  and a f te r  100 hour  s to rage  a t  1500 cent igrade 

T e s t  ,W-51 Tube type CK587 with open f r a m e  #l g r id .  
.170" x .025  ape r tu r e  s ize  (QV334).  
Typical  Ib ,  I c ~ ,  Icl Versus E C l  cu rves  

P a g e  



TABLE O F  CONTENTS (CONTINUED) 

Tes t  W-63 Tube type CK587 tested to 8520 specifications. 
Ib , Ic2, GMl, Icl character is t ic  data. 

Tes t  W-67 Tube type QV29l prel iminary samples (metal-ceramic 
electrometer  tube).  Resistance measurements  between 
the leads i n  the ceramic  header and the external  meta l  
envelope af ter  thermal  cycling. Ib ,  Ic2 values for two 
completed samples.  

Tes t  W-75 Tube type QV292 (space charge grid Pentode).  
Ib , GM1, Icl ,  Rp data. 
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Tes t  W-76 Tube type QV293 (inverted t r iode s imi lar  to  tube type DC760). 
Distribution data of Ebb voltages required to  draw 1504a Ib. 23 

Tes t  W-77 Tube type QV309 (inverted triode s imi l a r  to tube type DC762). 
Distribution data of Ebb voltages required to  draw 400Aa Ib. 24 

Tes t  W-80 Tube type QV334 (CK587 with open f r ame  #1 grid 
.170" x . 035" aper ture  s ize) .  Pentode and triode 
character is t ic  data taken for severa l  different se t s  
of t e s t  conditions. 

Tes t  W-88 Tube type CK5886 with open f rame #I. grid(QV335). 
Pentode and t r iode character is t ic  data ,  contact potential 
by the intersection method and Ib, Ic2, Icl versus  Ecl  curves .  

Tes t  W-105 Tube type QV291 in a T3  g lass  envelope 
Ib,  Ic2, R p ,  GM1 character is t ic  data.  

Tes t  W-106 Tube type QV331 (unipotential heater  -cathode electrometer  
tube).  Ib, Ic2, R p ,  GM1, Mut, Icl character is t ic  data. 
Ib, Ic2, Ic l  ve r sus  Ecl  curves before and af ter  100 hour 
storage a t  150' centigrade. Ib ve r sus  Eb curves for 

various values of Eel. 

QV331 750 hour life t e s t  resu l t s .  

8520 10,000 hour life t e s t  resul ts .  













It should be  noted t h a t  t e s t  W-19, which i s  a r e g u l a r  
CK587 w i t h  l e s s  mass on t h e  t o p  f i l amen t  t a b ,  requi red  
a much s t ronge r  magnetic f i e l d  t o  s t a r t  it resonat ing  
than  d i d  t h e  l$-2O. The output  was not  s inuso ida l  de- 
no t ing  t h e  presence of d i f f e r e n t  harmonics. In  some 
i n s t a n c e s  tubes from t e s t  T4-19 appeared t o  have more 
than  one resonant  frequency poin t .  



The CK.5886 s m p l e s  xith the fila2ents suspended free of the  micas gave 
the  fsilowing results: 

Test Condition>- - Triode Connected 

T- 

,f = 1 . 2 j  V D.C. Filament Resonance Test Only, 

- 0 Ec1 - Triode conditions were the same 
except 100 A vo l t s  A. C. (var iable  

i$,b = E,,2 = 22.5V 1LC. frequency) was superimpossd on the 
LC. filament voltage and the  tubes 

!" lO(! K Ohns were operated i n  a magnetic f i e l d  

Tube No. - 
'f ma Ib  pa Filament Resonance (cycles)  

26-1 10.1 183 1.9 x 3 4 0 0 y t h o u t  f i lament  

26-2 10.1 193 1.7 x 1 . 0 ~ ~ 3  3350 spring s t ep  on 
U Bar. 

26 -4 10.1 180 1.7 x 10-'3 
3200) With f i lament  

26-5 10.0 185 1.7 x 1 0 ~ ~ 3  2950 spring s top  on 
U Bar. 



Tube '10. - :f - ma r t ,  -c2 -4 ' - 
29-48 9.15 1l.V 3.1 

29- I 1 ~ ~ 1 5  11.6 , . ,  = 9 





Noi,?e nef, Level 



Test Candi.1 io-2s : The tube 5 5 operated so a:; to draw suproximati_.by 233 ua 
!)late c l r~  r en t ,  A meter, ~lacet-?, ii-i the plate circui-t; ,  is 
balarrced st f 5 pa, VarEaticjns in plate current are read 
d i r e c t l y  from t h ~ s  po in t  after each t a p  or  on-off cycle 
of the f i l amen t ,  

Tube No. 



ELliCTIlIC1L CYCLING (FILREJNT TUTlNED OFF RNil ON) 

T u b e  No. 











Test lConditions: Ef = 0.625~ E C C ~  = 5,5Vd.c,  
Ebb = 8.0 Vd.c. E e l  . = -2.0 V Bias 

Typical Dis t r ib  

Tube if Icl x 10-15 amperes 

8520 Samples a r e  those which pass t he  following limits: 

I b  5.0 - 2 0 . 0 ~ a  

Ic2 1.0 - 5.0qa 

GM1 10 - 25.0,qa 

I c l  (2.5 x 10-15 amperes 

Character is t ic  values f o r  50 tube type CK587 samples follow: 

Minimum 2.7 1.0 8.6 -0.5 
Maximum . 26.0 8.4 29.5 -4.2 

Average 7.8 2.7 15.9 -1.8 



I 
"ary VxbraLlng geed 
/ Electrometer Measuring 

.- I C ~ r r e n t  
- 

Rx = Resistance between a l l  leads  
(connected together)  and ex te rna l  

Rx =: r;l x 10 12 enve lo~e .  

Tube # EZ (MV) RX (ohms) 

Two samples were completed which had readable emission a f t e r  aging and 
burning, Mechanically these samples are good; e l e c t r i c a l l y  the re  i s  
s t i l l  work t o  be done. 

Test Conditions: Ef = L,2V; Eb = Zc2 = 15-0 Vd.c,; Ec l  = 1.5 V Bias. 



Preliminary samples of space chasge g r i d  pentode w:th plate h a v e s  
roLated 180°. 

Test Conditions: Ef = 0 ,625~  

Ebb = E,,3 = 6 ,  ov D, C. 
Ec2 = -2,5V Bias 

RP 
Tube # 



Tes t  Condi t ions:  Ef = 1,lV V a ~ y  &b t,o draw LSONA Ib 
Eel = -6,o Volts Bias 

Tubes 
Shipped 
To GSFC Tube # Ebb-Volts D. C,  Iclx 10-15 Amperes Eel  Volts Bias If-ma 

6,8 
8,6 (climbs) 
6.4 

7.7 
7.6 
6.8 

6,2 
6.7 
6 * 3 

5.8 
7.2 
6.3 

5.6 
9.3 

Over 15 

5.6 
6.2 
5*2 
5.7 

Star t  8,O 
End 7.3 



P~elirninary Samples O f  QV309 (~erman  ~ C 7 4 2  Inver ted  ~ r i o d e )  

Test Conditions: Ef = 1 , l  Vol t s  Vary Ebb Lo draw 400afA Ib 
E c l  = 2.5 Volts, Ib  - 12-13 ma 

Tubes Shipped 
Tube Sf. Ebb - Volts D.C. To GSFC 

16 Control Element t o  Anode Short - - 
.17 9.0 -200.0 
18 7.95 - 63.0 



The f s l l o d n g  d a t a  taken  under s e v e r a l  t e s t  conditions i s  presented: 

Tube Sf - 1 - 2 2 - 4 5 - 5 2. - 8 2 - 10 

Test Conditions: Ef = O,625V, &b = 4,OV De C., Ecc2 = 6,OV c,c, Eci = -2,5V Bias 

Ib - /crA 72.0 78.0 40-0 25.0 42.0 50.0 70,O 73.0 71.0 25.0 
Ic2- /yA 24.5 32.0 15*5 8 ,4  13.5 18.0 25.5 35,5 27*5 8.6 
GM1- umhos 32.8 26.0 9*8  9.8 18.2 22.8 32.4 8,9 31.6 10.6 
Rp-megohms 1.80 - 0.686 - - - - - - - 
If ,- ma 10.5 10.5 10.3 10.6 10.3 10.4 10.2 10.7 10.5 10.2 
I C I X ~ O - ~ ~ ~  38.0 -1.1 -0.5 -1.5 -1.5 -1 . 3 -1.8 -1,2 -0.8 -9.0 

Triode Connected: Ebb = Enn7 = 6.0V 



:MOTXQJ 5cLna 3% aqn~, 30 sa~dms 05 JOJ 
sanxq a?qsyJa?xeJey3 a2wany pue 'unw?x- bwn~yuy~ ayA 

"3"G "GI+ = zaa2 = qq. 3 

sera n~*c- = 9 /,s;zet = 3'. .1 - apo FJ:, 



E, 1 (Vo l t s )  





Five samples sf the  metal ceramic tube type QV291 were processed i n  
T3 glass  bulbs, These samples served a two fo ld  purpose: they pro- 
vided a chance t o  evaluate t h e  use of ceramic spacers, which had 
been thinned down i n  the  area  against  which the  filament r e s t s ;  and 
they provided finished samples f o r  comparison with the  metal ceramic 
QV29 1, 

It i s  important t o  have good comparison standards f o r  the  metal ceramic 
QV291 a s  t h i s  product i s  somewhat of an unknown. 

Test Conditions: 

~ b b  = 8.0VD.C. 

Ecc2 = 5.5V D. C. 

Ecl  = -2.OV Bias 

Tube # 

1 7.9 2.7 4.6 

2 5.2 2.0 6.3 

3 10.3 3.9 3.2 

4 4. 7 2.8 5.0 



Ted, Conditions.: EH = 2,5V 
T-, Ebb = .!Ice2 = 11.0V 9.C. 

,.. 
: ' 1 ~ 1  = -2.2'~' Bias 

The Minimum, Maximum, & Average Characteristic Values For 50 Tube Type QV331 
Samples Follow: 

Mi n imum 7.4 1.7 0,64 22.4 3.51 - 0.6 
Maximum 34,2 7.7 1,90 64.4 4,40 -53.0 

Average 18.1 3.9 1-09 41.3 4.08 -11.3 

















APPENDIX IV 

Process ing  Schedules 

EES  - Elec t rome te r  Exhaust  Schedule 

Step 

1 Bake-Out (Oven Temp 650°F. ) 
2 Heat Deflectors Dull Red ( R  . F. Induction Heating) 
3 F l a sh  Get ter  
4 Breakdown Fi lament  (17. 0 m a )  
5 F l a sh  Get ter  
6 Tip- Off Tube 

EES-2 (Tro l ley)  

1 Bake-Out ( 6 5 0 ~ ~ .  ) 
2 Heat Deflectors Dull Red 
3 F l a sh  Get te r  
4 Breakdown Fi lament  (95. 0 ma) 
5 F l a sh  Get ter  -Y 

6 Tip-Off Tube 

T i m e  

20 Min. 
15 Sec .  

15 Sec 

20 Min. 
15 Sec .  

15 Sec .  

EES- 3 (Modified Hoffman Rotary) 

Plug Posi t ion 3-11-11 3-11-9 3-11-1 
T r a c k  Cur r en t  ( m a )  17 .5  17 .0  17.0  
R . F . Heating B l  : " B ~  F l a s h  F l a sh  
Resis tance Loads (ohms)  2 K h  ~ M - Z K J L  
R - F  Output (Ampere s )  . 4  1 .45  1 .45  

.a, - .,. _ _ _ 4 Turn  Double Wound Round Coils  

Oven Tempera tu r e :  400° C .  



EES-4 (Tro l ley)  

Step T i m e  

1 Bake-Out ( 6 5 0 ~ ~ .  ) 
2 Heat Shield Dull Red 
3 F l a sh  Get ter  
4 Breakdown Fi lament  (17.0 m a )  
5 F l a sh  Get ter  
6 T ip-OffTube  

EES-5 (Tro l ley)  

1 Bake-Out (Oven Temp.  6 5 0 ~ ~ .  ) 
2 Heat Deflectors Dull Red 
3 Fla sh  Get ter  
4 Breakdown Fi lament  (65. 0 m a )  
5 F l a s h  Get te r  
6 T ip-OffTube  

20 Min.  
15 Sec .  

15 Sec .  

20 Min.  
15 Sec .  

15 Sec .  

1 Bake - Out ( 6 5 0 ~ ~ .  ) 
2 Heat P l a t e s  Dull Red 
3 F l a s h  Get ter  
4 Light Hea te r  Until Complete Gas Clean-up (Ion Gauge) 
5 F l a sh  Get te r  

20 Min.  
15 S e c .  

EES-7 (Modified Hoffman Rotary)  Speed: 700/hour 

T r a c k  Lighting Posi t ion - 1 - 2 - 3 4 5 6 7 8 9 - - - - - - 10 
7 

Plug Posi t ion 5-6-1 5-1-1 5-1-1 
T r a c k  Cur r en t  ( m a )  1 5 . 5  15.0  15.0 
R . F. Heating * I  :::% :::B~ :::B~ ~ l ~ ~ h  F l a sh  

Resis tance Loads (ohrnns) 3K+ 3KA3KA 
R - F  Output (Ampere s )  3 . 9  3 .  9 6 . 0  6 . 0  

0, - ,,. - 4 Turn  Single Wound Round 
Oven Tempera tu r e  - 400° C .  



SPEED:  600/hour  

T r a c k  Lighting Posi t ion - 1 - 2 - 3 - 4 - 5 - 6 - 7 - 8 - 9 - 10 

Plug Posi t ion Off Off 4-7 4-6 4-6 4 -6  4 -6  4 -6  4-6 4 -6  
T r a c k  Voltage - - 4 . 8  5 . 4  5 . 6  5 . 6  5 . 6  5 . 6  5 . 5  5 . 0  
R. F. Heating B1 B1 B2 BZ B3 B3 
R.F.Output(milliamperes) 75 75 50 50 85  85 
Coil  Type - - - - - - 8  T u r n  Double Wound------  
Oven Tempera tu r e :  400°C. 

EES-9 (VARIAN VAC ION SYSTEM) 

Step 

1 Bake-Out 4 2 5 ' ~  
2 Breakdown Fi lament  (17.0 m a )  
3 Pinch-  Off Tube 

T ime  - 
1 Hour 
15 Sec.  

1 Bake-Out (O*n Tempera tu r e :  650°F. ) 20 Min. 
2 R . F. Bombard Metal  E lements  Dull Red 15 Sec.  
3 Fla sh  Get ter  
4 Draw 28.0 m a  Fi lament  Cur r en t  Until Gas  Clean-up I s  Complete-  

Check With Ion Gauge 
5 Draw 24 .0  m a  F i lament  Cur r en t  12 Sec.  
6 Reflash Get ter  
7 Tip-Off Tube 

EES-11 (TROLLEY) 

1 Bake- Out (650°F. ) 
2 Heat Deflectors White Hot 
3 F lash  Get ter  
4 Breakdown Fi lament  (17.0 m a )  
5 F l a s h  Get ter  
6 T ip-OffTube  

20 Min 
15 Sec.  

15 Sec.  



EES-12 (TROLLEY) 

Step 

1 Bake-Out ( 6 5 0 ° ~ . )  
2 Bomb Deflectors C h e r r y  Red 
3 Flash  Get ter  
4 Breakdown Fi lament  (10 m a )  
5 F lash  Get ter  
6 Tip-Off Tube 

EES-13 (TROLLEY) 

1 Bake-Out ( 6 5 0 ° ~ . )  
2 Bomb Deflectors Che r ry  Red 
3 Flash  Get ter  
4 Breakdown Fi lament  (20 ma) 
5 F lash  Get ter  
6 Tip-  Off Tube 

T i m e  

20 Min. 
15 Sec.  

15 Sec 

20 Min. 
15 Sec .  

15 S e c .  



EAS - ELECTROMETER AGING SCHEDULE 

EAS-1 

Step  Ef-V Ebb-V d. C .  E C c 2 - V d .  C .  Eel - V Bias - - Time 

1 0 . 7  Ground Ground Ground Load 
2 2 . 2  Ground Ground Ground 30 S e c .  
3 0 . 7  20  20 Ground (250-350) 10 Min. 
4 2 . 2  Ground Ground Ground 30 S e c .  
5 0 . 7  2 0  20 - 3 (160) 10 Min.  
6 0 . 7  15 15 - 3 (120) 4 8  Hours  

EAS- 3 

Ground Ground Ground 
Ground Ground Ground 

20  20  Ground 
Ground Ground Ground 

10 10 Ground 
15 15 Ground 

Load 
4 5  S e c .  
5 Min. 

4 5  S e c .  
15 Min.  
4 8  Hours  

Ground Ground Ground Load 
Ground Ground Ground 30 S e c  

15 15 Ground (200-300) 10 Min. 
Ground Ground Ground 30 S e c .  

13 13 - 3 (120) 10 Min. 
13  13 - 3 (120) 72  Hours  

Ground Ground Ground Load 
Ground Ground Ground 30 S e c .  

15 15 Ground (200-300)  10 Min. 
Ground Ground Ground 30 S e c .  

15 15 - 3 10 Min.  
12 12 - 3 48 Hour s  



EAS- 5 

Step Ef -V Ib - a T i m e  

1 1 .4  Ground Ground Ground Load 
2 1. 9 Ground Ground Ground 45 S e c .  
3 1 .2  14 14 Ground (600) 10 Min.  
4 1. 2 14 14 - 3 (500) 72 H o u r s  

EAS- 6 

EAS-  7 

EAS- 8 

Ground 
Ground 

15. 0 
13.0 
13 .0  

Ground 
15.0 
8 . 0  

Ground 
Ground 

15. 0 
13. 0 
13. 0 

Ground 
15. 0 
5 . 5  

Ground Load 
Ground 30 Sec .  
Ground (200-300) 10 Min.  

- 3 (12 0) 10 Min .  
- 3 (120) 72 H o u r s  

Ground 
Ground 

- 2 . 5  

1 0 . 7  Ground Ground Ground 
2 2 . 2  Ground Ground Ground 
3 0 . 7  13. 0 13. 0 - 3 
4 0 . 7  8 . 0  5 . 5  - 2 . 5  

15 H o u r s  
10 Min .  

(8 )  24 H o u r s  

Load 
30 Sec .  

(12 0) 48 H o u r s  
(8)  48 H o u r s  

1 0 . 6  Ground Ground Ground Load 
2 1 . 0  Ground Ground Ground 20 Sec .  
3 0 . 5  10 10 Ground (300) 10 Min.  
4 0 . 5  10 10 - 3 (100) 72 H o u r s  

No Conn. 

IV-6 

(500-1000) 72 H o u r s  



Step Ef -V Ebb-V d . c .  E c c 2 - V d . c .  Ecl-VBias - - Time  

1 1 . 5  8 . 0  No Conn. (350-700) 72 Hours  

1 0 . 7  Ground 
2 2 . 0  Ground 
3 0 . 7  10 

EAS- 13 

Step Ef -V - - 

Ground 
Ground 

10 

Ground 
Ground 
Ground 10 (110) 

Load 
20 Sec.  
72 Hours  

T i m e  

1 4 . 0  Ground Ground Ground Load 
2 6 . 5  Ground Ground Ground 1 Min. 
3 4 . 0  - - - - - - - - Cycle 30 Seconds On/Off- - - - - - - -  30 Min. 
4 3 . 5  150.0 100.0 Ground 11.0 m a  2 . 0  m a  15 Min. 
5 3 . 5  100.0 100.0 Ground 9 . 5  m a  4 . 0  m a  20 Hour s  
6 3 . 5  50 .0  50 .0  Ground 4 . 0 m a l . O m a  7 2 H o u r s  
7 2 . 5  11. 0 11. 0 - 2 . 2  20 .0  a 4.  5 . , a  24 Hour s  

EAS - 14 

1 0 . 7  Ground 
2 2 . 2  Ground 
3 1 . 2  15 

EAS- 15 

1 0 . 7  Ground 
2 2 . 2  Ground 
3 0 . 7  10 V d . c .  
4 2 . 2  Ground 
5 0 . 7  10 V d . c .  

Ground 
Ground 

15 

Ground 
Ground 
10 V d . c .  
Ground 
10 V d . c .  

Ground 
Ground 
Ground 

Load 
20 Sec .  
72 Hour s  

Ground Load 
Ground 30 Sec.  
Ground 904, 604a 10 Min. 
Ground 30 Sec.  

- 3 V ~ i a s  50ya 2!j4a 72 Hour s  



APPENDIX V 

SCHEMATICS - SPECIALIZED TEST EQUIPMENT 

Block Diagram Fi lament  Resonance Set 

Quiescent Spot Noise Block Diagram 

Quiescent Spot Noise 8096 Amplifier  

Quiescent Spot Noise TUT Ci rcu i t  

Page  

2 

Sweep Frequency  Vibration T e s t  Block Diagram 6 

Sweep Frequency Vibration T e s t  Notes 7 

Elec t rome te r  Tube Grid  Cur r en t  T e s t  Set 8 
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Sweep - Frequency Vibration Tes t  Notes 

The tubes shall  be fastened rigidly to  the vibration platform and vibrated 
with simple harmonic motion over a frequency of 200 to 3000 Hz a t  a peak 
acceleration value of 5G. In any single complete excursion, the acce le ra -  
tion over the frequency range shall  be within + 10 percent of the re ference  
acceleration a t  200 Hz. At al l  frequencies f rom 200 to 3000 Hz,  the total  
harmonic distortion of the acceleration waveform shall  be l e s s  than 5%. 

The frequency shall  increase  f rom 200 to  3000 Hz with approximately 
logarithmic progression versus  t ime and shall  require  one (1) minute 
minimum, three  (3) minutes maximum, to  t r a v e r s e  the range. Each 
tube shall  be vibrated in  position X1 and X2, except that i f  the cumulative 
resul t  of t e s t s  on 50 or  m o r e  tubes of a given construction shows tha t  
m o r e  than 75 percent  of the tubes have higher output voltage on one 
position, subsequent measurements  need only be taken in the posit ion 
giving the higher readings.  

The specified voltages shall  be applied to  the tube during vibration. The 
value of Eb under tes t  conditions shal l  be regarded a s  Ebb, and sha l l  be 
applied to  the tube through the specified r e s i s t o r ,  (Rp). The voltage (ep)  

produced a c r o s s  the r e s i s to r ,  (Rp),  a s  a resu l t  of vibration, shal l  be 
measured  with a suitable recording device. This device shall  have an  
appropriate voltage range and shal l  have the ability to indicate with an 
e r r o r  of l e s s  than 10 percent ,  the peak to  peak value of a sine wave at a l l  
frequencies a s  specified below. A Bruel  and Kjaer r eco rde r ,  type 2304, 
with potentiometer (type 2347) suitably calibrated, o r  an equivalent device,  
m a y  be used. 

The voltage (ep) produced ac ross  the r e s i s to r  (Rp) a s  a resul t  of v ibra-  
tion shall  be capacitance coupled to  the measuring c ; /  b t z ~ n  ~:onsistLng of 
cables ,  amplif ier ,  low pass  fi l ter r eco rde r .  Input impedance of the 
measuring sys tem shal l  have a minimum value of at  least  10 t i m e s  the 
r e s i s t o r ,  Rp. Combined frequency response f rom the capacitor input 
through the amplifier and f i l ter  shal l  be flat within + 1 db f rom 200 Hz 
to  10,000 Hz as referenced a t  1000 Hz,  shal l  be down 3 *l db a t  11,000 
Hz, down 10 - t 1 db a t  15,000 Hz and down 20 fl db a t  20 '000 Hz. The i m -  
pedance of the plate and sc reen  voltage supplies shall  not exceed that  of 
a 40 uf capacitor at  10 Hz. 

A high p a s s  f i l ter  having an attenuation r a t e  of 18 dbloctave sha l l  be set  
t o  fi l ter out frequencies below 160 Hz.  A maximum quiescent noise level 
with the tube under t e s t  voltages applied shall  not exceed 0 . 3  millivolts. 
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JIGS & FIXTURES 

Page  

Basic  Die Punch F o r  Open F r a m e  Gr id  F a c e  P l a t e  2 

Basic  Fo rming  Die F o r  Open F r a m e  Gr id  F a c e  P l a t e  3 

Welding J i g  Open F r a m e  #1 G r i d  26128 4 

Welding J i g  Open F r a m e  #2 Gr id  A26257 5 

Welding J i g  Control  E l emen t  Inver ted Tr iode  2 6129 6 
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APPENDIX VII 

ANALYSIS OF THE RESIDUAL GAS CONTENT O F  EVACUATED 
GLASS ENVELOPES 

Introduction 

Three  styles of g lass  bulbs,  supplied by the Industrial  Components 
Division under the shipping memo 9329 of 3 .  A.  Williams, have 
been analyzed a s  to gas content. 

Style 1 T1 112 x 2 Bulb (Glass Type 0120) 
Evacuated on Raytheon System 

Style 2 Same bulb p r e  -evacuated 

Style 3 Bulb of different type g lass  
Evacuated on Raytheon System 

The resul ts  of four samples of each bulb style follow. 

VII - 1 



Experimental Apparatus & Technique - 

The exhaust tubuiation of the pre-evacuated bulbs of Style 2 were  shortened to 
about the length of the other bulbs. Then a l l  bulbs were  cleaned in Alconox, 
rinsed in deionized water  and demineralized water .  

Each sample,  including those of Style 2 ,  was scored with a clean file and broken 
into two pieces before mounting in the vacuum system. After obtaining a level 
background p r e s s u r e ,  a sample i s  quickly dropped into a quartz tube kept in an  
electrically heated oven. 1 50°c was used for  degassing a l l  samples .  The gases  
l iberated upon heating a sample a r e  pumped away through a calibrated or i f ice ,  
while the instantaneous total and partial  ion cur rents  a r e  measured and recorded 
by means of an ML-494 radio-frequency type m a s s  spectrometer .  Pa r t i a l  ion 
cur rents  of the gas species  of atomic m a s s  values f r o m  1 2  to 50 and 2 a r e  
determined by one minute automatic scanning of the appropriate radio-frequency 
range; allowing a sensibility of about one part  in 1 ,000.  

Results & Discussion 

The maximum ra te  of liberation of gases i s  seen to  occur a t  four to five minutes 
af ter  the samples a r e  dropped into the oven. This i s  probably more  a function 
of heat-up time than diffusion rate  of the gases  in the glass .  At no t ime were  
any m a s s  values higher than 44 detected. 

The degassing curves s e e m  to be quite reproducible within the l imits  of uni- 
formity of volume and surface a r e a  of glass  for each of the three styles.  F o r  
the f i r s t  three samples  of each style,  no C02 was detected a t  m a s s  44, s o  the 
sensitivity of the measuring apparatus was increased  for the fourth sample run 
of each bulb sty1 e .  This resul ts  in  higher ion cur rents  for nearly a l l  of the 
m a s s  values,  so that the fourth sample resu l t s  must  not be compared with those 
of the f i r s t  t h ree ,  except in the case of total  p res su re  values. 

The approximate sensitivities of the m a s s  spectrometer  a r e :  

Gas A. M. U .  - 

N2 28 
Hz0 18 

H2 2 
GO2 44 

Samples 1 ,  2 ,  3 
Sample 4 

Sensitivity 
5 

2 . 2 ~  10 t o r r / a m p  
4 

6. 5 x  10 t o r r l a m p  

1. 3 x 1 o4 t o r r  /amp 



Re sults & Dis cus sion (continued) 

Thus ,  i t  i s  clear that water a t  m a s s  18 i s  the major  consituent of the gases  
released from a l l  three styles of glass  bulb, although i t  shows a quicker de-  
cline than the other major gas component, hydrogen. In rea l i ty ,  a small  
portion of the hydrogen detected i s  caused by the cracking of H z 0  in  the source 
of the spectrometer  tube. 

Mass 28 i s  frequently composed of the two gases  N2 and CO. However,  the 
values a t  m a s s  14 (N)  indicate that nearly al l  of the 28 ion cur rent  for bulb 
styles 1 and 3 i s  due to nitrogen desorption. The pre-evacuated bulbs of 
Style 2 ,  on the other hand, have l a r g e r  rat ios  of m a s s  28 to 14 indicating the 
presence of GO. Likewise,  the pre-evacuated bulbs show the re lease  of 
methane ( r i se  in m a s s  15) which i s  apparently removed along with CO in the 
pumping process  . 

Mass 19 i s  believed due to the desorption of fluorine f rom the m a s s  spectro-  
m e t e r  tube and the glass  walls of the vacuum sys tem in general .  I ts  admit-  
tance to the sys t em has definitely been t raced  to a source other than theg las s  
bulbs analyzed h e r e .  Mass 20 i s  HF.  Mass 17 comes f rom the splitting of 
HZ0 into H t  and OH-; the OH- then being ionized to f o r m  OH+. Mass 16 i s  
oxygen. The fact that 0 2  a t  m a s s  32 i s  not seen implies that m a s s  16 also 
i s  a by-product of other desorbed gases ;  e .  g. , H z 0  and GO. Carbon i s  
shown a t  m a s s  12 and comes mostly f rom CO, hydrocarbons and the cathode 
of the m a s s  spectrometer  tube i tself .  

Conclusions 

F o r  a general picture of the degassing charac ter i s t ics ,  the total  p res su re  
values a t  the s t a r t ,  peak ra te  of evolution, and after 60 minutes of degas - 
sing a r e  grouped together in Table 1. Also, the mathematical integration 
of the total p res su re  a t  7,  1 5 ,  30, and 60 minutes i s  shown and averaged 
for each bulb style. This shows not only the effectiveness of pumping bulb 
style 1 (compare styles 1 and 2 ) ,  but a lso the possible advantages of changing 
to style 3. 

Style 3 shows very  little m o r e  gas than 1 ,  but i t  i s  found to have two and a 
half t imes  the m a s s  of style 1 ,  so that i t  has l e s s  gas per  unit m a s s .  It 
a l so  has  a considerably l a rge r  sealed off volume, therefore permitt ing the 
walls and internal  components to desorb more  gas af ter  pinch-off to effect 
the same  amount of pressure  r i s e  a s  would occur with bulb style 1. 
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APPENDIX VIII 

CONTACT POTENTIAL MEASUREMENT 

Grid cu r r en t  charac te r i s t ic  curves  obtained with the tube functioning under 
normal  operating conditions can be used to f o r m  a good picture of the t rue  
contact potential fo r  any given tube. 

These a r e  retarding potential measu remen t s ,  and because they l ie wel l  below 
the tube saturation region, they may be measu red  a t  no rma l  cathode t empera -  
tu re  without damage to the tube. In this p rocess  i t  i s  n e c e s s a r y  to apply a 
negative voltage to the grid to r e t a rd  the major i ty  of the available e lectrons.  
The gr id  curve will vary  with changes in grid and cathode work function, but 
in good e lec t rometer  tubes ,  will vary  only ve ry  slightly due to leakage cu r r en t s  
and gr id  emission.  

Because the work functions of ma te r i a l s  a r e  effected by the i r  t empera tu re ,  i t  
was decided that  th is  method of determining contact potential, with the fi lament 
hot ,  would be used during the contract .  Control grid cu r r en t  curves  we r e  taken 
with no rma l  plate and sc reen  voltages applied which i s  opposite to the c lass ic  
method of grounding o r  floating these e lements .  However,  because we a r e  
concerned with good e lec t rometer  tubes ,  the voltages and cu r r en t s  involved 
a r e  ve ry  low, causing l i t t le shift due to gas ions o r  i nc reased  leakage.  

Retarding potentials measured  under these conditions provide an indication of 
bias  shifts  due to  a l l  c auses ,  but in e lec t rometer  tubes the causes  of b ias  
shift o ther  than those of contact potential and init ial  velocity appear  to  be neg- 
l igible;  and mos t  of these causes  can be eliminated by the method of projection 
intersect ion of the log slope pa r t  of the grid curve with the zero  gr id  cu r r en t  
line. Reading the gr id  bias voltage a t  th is  point appears  to provide the bes t  
indication of the t r u e  contact potential for an e l ec t rome te r  tube while i t  i s  in 
ope ration.  
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F o r  m o r e  detailed discussions on the overal l  subject of Contact Potent ia l  
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APPENDIX IX 

The Development Of A Low Drain Fiiamentai-y Metal Ceramic  Electroinetei- Tube 

The development of a low drain f i lamentary meta l  c e r a m i c  e l ec t rome te r  tube 
was perhaps the mos t  difficult and involved task  undertaken during th i s  con- 
t r ac t .  It i s  hoped that the following s u m m a r y  will descr ibe  m o r e  fully the 
many facets of this p rogram.  

The f i r s t  task involved the design specifications of a 99t-70 alumina c e r a m i c  
insulator  with ex t remely  tight to le rances ,  to be used for the basic  support  
of the var ious  tube elements .  Pr in t s  were  immediately  forwarded t o  Coors  
Ceramic  Company for  feasibil i ty studies and pr ice  information.  Design 
drawings for all  the remaining pa r t s  neces sa ry  to  produce finished tubes  w e r e  
completed and a p a r t s  l i s t  with drawings of each  individual pa r t  was  published. 

At this point, a l l  of the pa r t s  designed were  e i ther  o rdered  f r o m  outside ven- 
d o r s  o r  work was begun to produce them in-house.  As soon a s  a l l  the  p a r t s  
w e r e  available,  exper imental  work was  begun a t  Raytheon to  metal l ize  and 
copper plate the top space r  to provide a means  of anchoring this space r  to the 
top nickel sleeve a s  shown in  pr int  49956, Appendix X. During th i s  brazing 
operat ion,  the tube elements  were  a l so  to  be anchored to  the same top space r .  
Efforts were  directed a t  this t ime toward producing a leak tight m e t a l  ce ramic  
header  composed of a 99tyo alumina space r ,  a bottom nickel sleeve and seven 
flexible leads .  The following i s  a brief description of the s tandard procedure 
for  accomplishing this  type of metal  ce ramic  sea l ,  and experimental  var ia t ions  
the reof. 

Using 99t(ro Alumina Ceramic  Wafers 

Group I 

Tes t  #1 Tes t  #2 Tes t  # 3  

Metallize with 7571 Metallize with 50150 Metallize with 7570 
Solution 1- C Solution 1 -C Solution. F i r e  

a t  1 6 0 0 ~ ~  for  two 
cycles .  Third cycle 
regular  1 2 0 0 ~ ~  fir ing.  

All samples  were  copper flashed and nickel plated and flowed a t  1 2 0 0 ~ ~  
for  20 minutes.  Assemblies  were  fabricated using nickel l eads  and cans 
and brazed with Cusil a t  1 6 5 0 ~ ~  for  twenty minutes.  Veeco check - a l l  
samples  we r e  leakers  , with the metallizing peeling off. 

IX-  1 



Tes t  #1 Tes t  #2 

Metallized with regular  7570 Metallized with Li thium 
Raythe 011 1 - C solution. Molybdate solution. 

Copper plate a l l  samples .  Fabr ica te  assembl ies  with Dumet leads  
and Cusil  brazing mater ia l .  All samples  leaked a t  the leads  (Dye 
Check),  with a poor bond a t  a l l  sur faces .  

Group I11 

Metallized with 757'0 Raytheon 1-C solution containing 270 Titanium- 
Hydride by weight. Copper plate samples  and flow copper .  F a b r i -  
cate assembl ies  with copper plated nickel cans and leads .  Cusil  
braze.. Samples leaked a t  the l eads ,  but cans appeared to be well  
bonded. 

Group IV 

Tes t  #1 Tes t  # 2  

Regular Wash Wash 15 minutes in  hot chromic 
acid plus Metallex wash.  

Metallize a l l  samples  using 757'0 1 -C  solution plus 270 TiH2 by weight. 
Copper plate a l l  samples  and flow copper. Fabr ica te  a s sembl i e s  with 
nickel l eads  and cans.  Cusil  b raze .  All samples  leaked; poor bond 
in  a l l  a r e a s .  

Group V 

Metallize with 757'0 Raythe on 1 -C solution plus 2% TiH2. Copper 
plate. Assemble with dumet leads  Cusil b raze .  All samples  leaked 
through lead sea ls .  

Group VI 

Standard cleaning and fir ing of ce ramics .  Direct  metallizing and 
brazing of ceramic  to metal  using s i lver  -manganese braze  (8570 Ag- 
1570 Mn- F i r e  a t  1 2 0 0 ~ C  in d r y  hydrogen furnace .  Poor  wetting 
of meta l  to ceramic .  Bond excellent where wetting took place.  



Group VII 

Standard metallizing and plating, lkssernble with nickel l eads  and 
cans.  Braze with s i lver  manganese a t  1 2 0 0 ~ ~  in d r y  hydrogen. 
Cans showed ve ry  good bonds to the ce ramics .  Leaks around the 
leads  - AgMn did not appear  to wet the holes.  

Group VIII 

Metallized with 7570 Raytheon 1 - C solution plus 270 TiH2, Assembled 
with nickel cans and Dumet leads .  Brazed with AgMn a t  1 2 0 0 ~ ~  in  
a d r y  hydrogen furnace.  All samples  leaked around the leads .  

Tes t  #1 Tes t  #2 

Metallized with 7570 
1 - C solution. 

Metallized with 7570 
1-C solution plus 270 
TiHZ. 

Assemblies  were  fabricated with nickel cans  and Kovar leads .  
Brazing was performed with AgMn a t  1 2 0 0 ~ ~  i n  a d r y  hydrogen 
furnace.  The cans bonded well  but one lead i n  each header  ap-  
peared to  have poor brazing causing a leak along the lead.  

Group X 

All samples  were  metal l ized with 94% tungsten,  570 manganese,  
and 170 i ron  oxide metall izing paint. The oxides w e r e  milled in 
a nitro-cellulose binder 20-40 hours  before use .  

Tes t  #1 

Metallizing painted on and 
pushed into holes .  

Tes t  #2 

P a r t s  were  dipped into the 
paint which was  blown into 
the hole s .  

The binder was burned out for  40 minutes and the metall ized c e r a -  
m i c s  were  then f i red a t  1 1 6 0 ~ ~  i n  wet hydrogen fo r  30 minutes .  
Cooling was  accomplished a s  usual  over a 20 minute period.  The 
metallizing peeled in the holes and did not wet the ceramic .  Wkltham 
personnel , engaged in  this work ,  felt  that holes this  smal l  could 

not be successfully metall ized with this  type of paint and binder 
cornbination. 



Using 9670 Alumina Ceramic  Wafers  

G r o u ~  I 

All s amp le s  had the s tandard metall izing using 75% Raytheon 1 - C solution.  
The s p a c e r s  w e r e  copper plated and the copper flowed. Assembl ies  w e r e  
fabr icated with nickel  cans  and l eads  and brazed  with Cusi l .  All the  sam- 
ples  leaked and appeared to be ident ical  to  the 99+(10 a lumina s amp le s .  

Group I1 

Standard cleaning - a l l  samples .  

Tes t  #1 

1 cycle metall izing copper 
plated and flowed. 

Tes t  #2 

2 cycle metal l iz ing copper 
plated and flowed. 

Combinations of copper and Dumet l eads  we re  t r i e d  i n  each  t e s t  with 
both copper and Cusil  b raz ing .  The Cusi l  was  b r azed  a t  1 6 5 0 ~ ~  and 
the  copper a t  1 2 0 0 ~ ~ .  All s amp le s  leaked a s  before ;  the  bonds be-  
tween the  metall izing and the c e r a m i c s  we re  poor .  

Group I11 

C e r a m i c s  w e r e  given to a production opera tor  who no rma l ly  p r e p a r e s  
the  9641, a lumina ceram-ics in  regu la r  use .  The ope ra to r  metal l ized t h e m  
using the  following production schedule.  

1) Wash i n  Calgonite fo r  twenty minutes  and dry .  
2) Ai r  f i r e  one hour .  

3)  Metall ize - soak ten  minutes  in  7 570 Raytheon 1 - C solution. 
Blow off excess  and f i r e  at 1 200°C for  t en  minutes .  Cool 
a s  i n  s tandard procedure .  

4) Copper plate and flow copper.  

Tes t  #1 Tes t  #2 

Assemble  nickel  cans  and l eads  Assemble  nickel  cans  and Dumet  
Copper b r aze  a t  1200°C. l eads .  Copper b r a z e  a t  1200°C. 

All s amp le s  leaked by the l eads  and t he r e  w a s  l i t t le  evidence of bonding 
between the metall izing and the ce r amic .  Samples  w e r e  sent  to the  Chemi 
c a l  Labora tory  fo r  sectioning and polishing. Using 500X ampli f icat ion,  
t he r e  w a s  no evidence of g lass  format ion a t  the m e t a l - c e r a m i c  i n t e r f ace .  



Group IV 

This t e s t  was designed to fornl a glassy phase a t  the surface of the 
ceramic by a i r  firing the cerami c af ter  soaking it in Raytheon 1 - C 
solution. After cleaning and firing the c e r a m i c s ,  they were  soaked 
in 7570 Raytheon 1 - C solution for 10 minutes and the excess  was blown 
off with fi l tered a i r .  

The ceramics  were then a i r  f ired a t  9 0 0 ~ ~  for  1 hour and metall ized 
using the standard procedure,  af ter  which they were  copper plated and 
the copper was flowed. Severe cracking of the ceramic  was visible in 
all samples when the surfaces were  ground off pr ior  to assembly.  This 
was a good indication that glass  was formed,  but that the mismatch  be - 
tween the ceramic  and the glassy phase was too great .  

Work Carr ied Out By The Waltham Ceramics Department 

The following three  attempts were  car r ied  out by the Waltham Ceramics  
Engineers using the Waltham facil i t ies : 

Group I 

Ceramics were  high fired a t  1 6 5 0 ~ ~  to produce a small  amount of glass  
at  the surface of the ceramic.  The pieces were  metallized by the stand- 
a rd  procedure.  The resul ts  were  still negative with no apparent bond 
between the metallizing and the ceramic.  

Group I1 

The countersink around the holes in  the ceramics  were  enlarged,  and 
al l  the pieces were metallized using Walthams' spray  technique and 
Molybdenum-titanium metallizing. These sample s were  then Cu s i l  
brazed a t  the Quincy facilities. The resu l t s  were  sti l l  negative, being 
the same a s  for  Group I above. 

Group 111 

This was an attempt to metall ize the flat surfaces of the ce ramics  and 
braze on a metal  washer that could be c rosscut  to provide an insulating 
surface between the leads.  The metallizing was  Walthams ' Moly- T i  tape. 
The resul ts  were  again negative a s  the washer  peeled off, apparently a 
good bond was sti l l  lacking between the washers  and the metallizing. The 
conclusion of the Waltham Cera,mic Department was that this ceramic  
would not fo rm a glassy phase using their  established manufacturing 
methods. 



Unsuccessful attempts to produce leak-tight metal  ceramic  headers  atRaytheon 
led to the establishing of a parallel  effort at  Coors Ceramic Company in Colorado 
to take advantage of their  knowledge and ability in the ceramics  field. 

99t7'0 alumina spacers  plus the necessary  metal  par t s  were  forwarded to Coors 
for this effort. When all attempts using standard pa r t s  were  unsuccessful,  
Coors requested that the lead hole size be increased f r o m  . 01 7"-. 020" to 
. 2 * . 001 5 .  This attempt was also unsuccessful,  and an additional request 
to change f rom nickel to copper plating was granted. At this point 96% alumina 
spacers  were ordered.  

When Coors was s t i l l  unable to produce leak-tight headers  using 99t7'0 alumina 
and copper plating, the decision was made by Raytheon personnel and the NASA 
Technical Officer to go over entirely to the 967'0 alumina. Therefore ,  the neces-  
s a r y  components to produce fifty (50) leak -tight headers  using 9670 alumina 
spacers  were  dispatched to Coors. An o rde r  was undertaken by Coors  on a b e s t  
efforts basis  and subsequently forty (40) completed samples were  delivered to 
Raytheon. All forty (40) samples  proved unsatisfactory with leaks around the 
s t em leads.  A se r i e s  of telephone cal ls  to Coors resulted in  an exchange of 
ideas between Raytheon and Coor s engineers.  

Coors engineering indicated that a l l  the available par t s  had been used i n  the 
one run that resulted in the defective header noted above. Coors felt that  a 
fur ther  best  efforts program should be ca r r i ed  out to investigate other  techni- 
ques,  such a s  the vacuum chuck method of metallizing. Two (2) other methods 
to be t r ied  would be mechanical and acid cleaning of the ceramic  wafer to in-  
su re  that i ron  particles deposited by the p r e s s  at  forming would be completely 
removed. A best efforts purchase o r d e r ,  having the following stipulations, 
was placed with Coors. 

1 .  Raytheon to supply Coors with a l l  par t s  necessary  to fabricate 
fifty (50)  metal ceramic  headers .  

2. Coors to use three (3) ceramics  per  t e s t ,  employing the three  
experimental methods discussed by telephone, with a repeat of 
three  more  ceramics  using the most  promising method. 

3. Coors to notify Raytheon of progress  a t  this point before initiating 
fur ther  tes t s .  

4. Testing to continue on this basis  until the fifty pa r t s  supplied by 
Raytheon were used up,  or  a vacuum tight header developed. 
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Finally,  on D e c e n ~ b c r  1 ,  1965  the NASA Technical Officer notified Raytheon 
that Coors had succeeded in making leak-tight headers  using lithium-molydbate 
metallizing and silver braze .  Raytheon contacted Coors and was fur ther  noti- 
fied that they (Coors)  had also produced three (3 )  leak-tight headers  using moly- 
mangane se metallizing. Raytheon authorized Coors to produce twelve (1 2 )  
samples per  each of the two methods employed. In a follow-up ca l l ,  Coors  
reported that they had produced twelve samples  using each of the two methods 
outlined below. 

1. 9 670 alumina ceramics  , lithium-molydate metallizing, nickel 
flash and pure s i lver  braze .  

2.  9670 alumina ce ramics ,  moly-mangane se  metallizing (utilizing 
vacuum chuck),  nickel plate and s in ter ,  pure s i lver  braze .  

Although al l  twenty-four ( 2 4 )  samples were  leak-tight,  there  was a problem of 
bridging over between the leads and the nickel shell  caused by the brazing 
mater ia l .  Coors agreed to inspect each header and m a r k  the ones they con- 
s idered good. On the basis  of destructive tes t s  performed a t  Coors ,  the 
engineers there expressed a preference for lithium-molybdate metallizing. 

However, this method necessi ta tes  the removal of . 003" stock f r o m  each  
side of the ceramic  after metall izing, in o rde r  to  maintain the integrity of 
the dielectric constant of the ceramic.  Raytheon agreed to accept the twenty- 
four samples  with all pertinent data. In a l a t e r  quote, Coors Porcelain Com- 
pany expressed a willingness to provide leak-tight headers  in  both 96% and 99i-70 
alumina using a lithium-molydate metallizing and pure silve r braze.  

As soon a s  the leak-tight headers  were  received, samples were  he l i - a rc  
welded to f o r m  complete metal  ceramic  envelopes without the actual tube 
inside and evacuated on the Varian Vac -Ion pumping system. The ambient 
temperature was cycled f r o m  room temperature to 5 0 0 ~ ~  in  five steps.  
Samples were  subjected to one hour a t  each successive temperature and then 
cooled. At the end of each cycle the resis tance readings between al l  the leads 
and the outside meta l  cans were  recorded. After exposure to  the 5 0 0 ~ ~  t em-  
perature a 48 hour stabilization period before testing was necessa r  F o r  
each sample tested,the resis tance readings were  higher than 5 x 10'' ohms.  
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Attempts to he l i -a rc  weld headers  and cans together to f o r m  leak-tight 
assemblies  for thermal  cycling 011 the Varian, made i t  c lear  that because 
of the geometry of the s t ruc ture ,  the conventional flow of protective atmo- 
sphere around the a r c  did not protect the inside surface of the copper ex-  
haust tubing - resulting in the production of copper oxide which degraded 
the seal.  A method was worked out to provide suppleimental internal  flushing 
with argon to protect internal surfaces during welding. 

At this t ime,  experiments performed using a Raytheon Ultrasonic Impact 
Grinder provided a method of thinning the ceramics  to a few thousandths 
of an inch in the a r e a  where the filament and the ce ramics  normally make 
contact. It i s  known that ceramics  have a much grea ter  cooling effect on 
filament temperature than the mica spacers  in regular use.  Therefore,  a 
small  contact a r e a  between the filament and each of the two ce ramics  used 
to  support the tube elements i s  fe l t  to be very desirable .  

Making use  of the new techniques developed, and the availability of a l l  nece s -  
s a r y  pa r t s ,  prel iminary QV291 samples  were fabricated and processed.  
Although much remains to be done to improve the electr ical  charac ter i s t ics  
of these tubes,  it i s  felt that a very important point in the development of a 
fi lamentary meta l -  ce ramic  electrometer  tube has  now been reached. 



APPENEIX X 

ILLUSTRATIONS 

Improved Method Of Cr i t i ca l  Bulb To Mica Crimping 

CK587 Face  Pla te  (Open F r a m e  Control  Gr id)  A26076 

CK587 Grid Assembly  (Open F r a m e  Control  Grid)  A26077 

CK587 Face  P la te  (Open F r a m e  #2 Gr id )  A26254 

CK587 Grid  Assembly  (Open F r a m e  #2 Grid)  A26255 

CK5886 Face  P la te  (Open F r a m e  Control  Gr id)  26121 

CK5886 Grid  Assembly  (Open F r a m e  Control  Grid)  26123 

QV291 Tube Assembly  P a r t  #49956 

QV291 S t em Assembly  (Unfinished) 201 572- 1 

QV291 Mount Assembly  (With Sealing Ring) 201 574- 2 

QV291 Mount Assembly  (With Exhaust  Cap & Stem) 201 569-2 



IMPROVED METHOD OF C R I T I C A L  BULB TO MICA C R I M P I N G  

Fine  Burner 

Tubula t ion  

Air  Dr iven  out  Rubber 

N i t  e 
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APPENDIX XI 

GLOSSARY O F  SPECIAL TERMS 

SEALING - IN This process  involves attaching the g lass  envelope with i t s  
tubulation to the tube button o r  leads in such a manner  that 
the sea l  will be leak tight. It i s  then possible to  evacuate 
the glass  envelope through the tubulation. 

FLUSHING GAS This i s  an iner t  gas such a s  nitrogen o r  carbon dioxide which 
i s  circulated around the tube elements during the sealing-in 
process .  The presence of the iner t  gas in the tube during 
this process  prevents oxidation of the tube elements f r o m  
the heat required to melt  the g lass  to pe r fo rm the sealing- 
in ope ration. 

BAKE - OUT Tubes undergoing exhaust a r e  heated one o r  more  t imes  
during the process  to drive out water  vapor and other  ab-  
sorbed gases  f r o m  the tube component surfaces.  

EXHAUST CYCLE The exhaust cycle follows the sealing-in process  and during 
this cycle the tube i s  evacuated, the metal  elements a r e  de-  
gassed,  and the filament o r  cathode and heater  a r e  heated 
to drive off the coating binders.  

TIP-OFF Upon the completion of the exhaust cycle the tubulation i s  
heated close to the top of the glass  envelope to dr ive off 
gases  in the glass .  Additional heat  i s  then applied to com- 
plete the seal-off of the finished tube. 

ACTIVATION (AGING) & STABILIZATION 

Activation i s  accomplished by heating the emitting surface 
to a suitable temperature to f o r m  a mono-molecular layer  
of bar ium on the surface of the filament o r  cathode. An 
electron cur rent  i s  then drawn which causes the evolution 
of gas f r o m  the par t s  of the tube that a r e  being bombarded. 

Stabilization i s  accomplished by operating the tube under 
regular operating conditions for  a prolonged period of t ime 
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HOT-SHOT 

DRI-FILM 

During the activation cycle the application of a filament 
voltage which i s  approximately four t imes  the normal  
operating voltage resul ts  in heating cur rents  which pro-  
duce filament o r  cathodc tempera tures  up to 1 1 0 0 ~ ~ .  
This i s  known a s  a filament "Hot Shot" o r  "Flashing" 
and may be applied for a period of ten seconds up to two 
minutes. Raising the filament o r  cathode tempera ture  to 
the above value a s s u r e s  complete conversion of the coating 
f rom carbonates to oxides. 

The word "Dri-Fi lm" i s  used to re fer  to a water  repellent 
f i lm which i s  placed o r  formed on the outside surface of a 
glass  tube envelope. The most  common films experimented 
with during the contract were  produced f r o m  the chemical 
reaction between reactive chloro- silane s and the water  in 
the glass surfaces.  

FLASHLESS GETTER 

This getter i s  a bulk get ter  (powder, w i re ,  o r  sheet)  which 
i s  not flashed but employed in i t s  original shape, a s  opposed 
to the f lash type wherein a metal  o r  metals  a r e  vaporized 
and deposited a s  a f i lm  on the inside of the tube envelope. 

T 1 1 / 2 x 2 (Rectangular) 
This designation identifies the small  rectangular g lass  
envelopes used for  small  f i lamentary tubes. Multiplying 
the above values by 1 / 8" provides the nominal values of 
31 16"x 1/411. Specifications call for  maximum overal l  
0. D. dimensions of 0. 230" x 0. 290". 

T 2x3 (Rectangular) 
Nominal dimensions 114" x 3 18". Specifications cal l  fo r  
maximum overall  O.D. dimensions of 0. 285" x 0. 385". 

T 3 (Round) Nominal 0. D. i s  318". Specifications call  for  a maximum 
overall  O.D.  dimension (including flat p r e s s )  of 0.400". 

T 5 1 / 2 (Round) Nominal 0.  D. i s  11 / 16". Specifications call  for  a maximum 
overall  0. D.  dimension of 0. 750". 
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